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PREFACE 

During the last three decades, considerable work has been done on 
plant growth regulators and gibberellins in the field of agriculture, includ¬ 
ing horticulture, In horticulture, the plant growth regulators and gibberel- 
lins have been used in (1) rooting of cuttings, (2) control of pre-harvest 
drop in fruit crops, (3) flower thinning, (4) control of flowering, (5) fruit 
setting and parthenocarpy, (6) inhibition of sprouting in some vegetable 
crops in storage, (7) weed control, and (8) in breeding. Gibberellins are 
being commercially used for increasing the berry- and bunch-size and 
also in production of grapes, especially the seedlesss varieties) 

Intensive work on plant growth regulators and gibberellins was 
started in India under the All-India Co-ordinated Scheme of the Indian 
Council of Agricultural Research to study the effect of application of 
growth-regulating substances in horticulture, with two centres, one at 
Patiala (Punjab) and another at Kodur (Andhra Pradesh). This scheme 
was started in 1956 and was terminated in 1963 and very good work was 
done under this Scheme. In addition, considerable work on fundamental 
aspects of auxins and gibberellins was done in various Indian universi¬ 
ties and recently in various agricultural universities all over the country 
and at the Division of Horticulture in the Indian Agricultural Research 
Institute, New Delhi. In January 1967, a Symposium on Plant Growth 
Substances was held by the Department of Botany, Calcutta University 
under the auspices of the University Grants Commission, A large num¬ 
ber of papers on various aspects of plant growth regulators and gibberel¬ 
lins were presented to this Symposium. In December 1967, the Horti¬ 
cultural Society of India held an International Symposium on Sub¬ 
tropical and Tropical Plorticulture and one of the subjects selected for this 
Symposium was the use of plant growth regulators and gibberellins in 
horticulture. Again, a large number of good papers were presented 
in this Symposium. It is thus evident that considerable work on plant 
growth regulators and gibberellins is being done in the country, As 
the new chemicals are being constantly developed, it is necessary to try 
them also with various horticultural crops for specific purposes. With 
the establishment'of the Institute of Horticultural Research at Hessara- 
ghatta by the Indian Council of Agricultural Research, considerable 
work is proposed to be done on plant growth regulators and gibberellins 
in fruits, vegetables and ornamental plants. A section of plant Physio¬ 
logy and Biochemistry has been established in this Institute to take up 
work of this type. It was, therefore, considered necessary to review the 
work done on plant growth regulators and gibberellins, not only in this 


country but also abroad, which could be of great help to tlue research 
workers and the post-graduate students in various universities and 
institutes. 

The present technical bulletin on ‘Use of Plant Growth Regulator,s 
and Gibberellins in Horticulture’ covers nine chapters kuling with 
various uses'of this group of chemicals in horticulture, *Atthe end, 
important rclcrcnce,s on various subjects have locen given cf iapter-wi.se. 
It i,s hoped that the information contained in thi.s bulletin would be of use 
to the research workers as well as (lie post-graduate students. 

The author is grateful to DrR. K. N. Singh, formerly Poa*! Officer in 
the Indian Council of Agricultural Research, now Horticullwist, Naga¬ 
land and Shri R, R. Kohli of the Institute of Horlicultiml Research, 
Hcssaragliatla for the help in the preparation of this technical bulletin. 

G, S, llANDiuwA 
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CHAPTER I 

ROLE IN PLANT PROPAGATION 



Plant propagation methods are of utmost importance in horticul¬ 
tural crops, especially in fruit trees. In some fruit plants, the percen¬ 
tage of success in a,sexual propagation is extremely low. It is in 
overcoming some of these difficulties that the growth regulators find 
their ready use. A greater percentage of rooting and production of 
more roots in a shorter time in cuttings and layers, quicker callus for¬ 
mation and better union in grafts and quicker and better germination, 
associated with a more vigorous growth in the initial stages in the case 
of seed treatment.s are the major benefits derived from the use of gro^vth 
regulators in plant propagation, 

PHYSIOLOGICAL, ANATOMICAL AND METABOLIC CHANGES 
FOLLOWING AUXINS TREATMENT 

The physiological effects of auxin treatment are .stimulation or in 
other ca.ses inhibition of growth and clevelopment. This stimulative 
effect is often temporary and the ultimate increase in growth as a whole 
is Very rare. In the formation of roots in cuttings, ihe first step is the 
differentiation of root primordia and this differentiation depends upon 
the proportion of auxins to certain other substances present in the cuttings. 
When the ratio of auxins to certain other plant constituents, especially 
adenine is low, the meristem of tobacco sections tend to Ibnn bud and 
leaf primordia ; when the ratio is medium, callus is formed, and when 
the auxin content is high, root primordia develop (Skoog, 1944). 

Some sort of interaction between the auxin and (he jdant consti¬ 
tuents to be responsible for inducing root formation was demonstrated 
by van Overbeek et al (1945, 1946), The anatomical changes following 
treatment with growth substances are initiation of meristemalic activity 
in endodermis, phloem parenchyma, ray parenchyma and pericycle 
tissues. Beal (1946, 1951) observed meristematic activity in the 
above tissues, in the stem of decapitated bean plants 24 hours after treat¬ 
ment with 2,,4-D and immense spread of undifferentiated callus like tissue 
associated with swelling of the stem 72 hours after treatment. Randhawa 
and Thomson (1948) reported greater development of jiacenta and more 
complete filling in tomato, following absorption of growth regulator 
through roots. 

Increase in metabolic activity, as a result of auxin treatment, has 
been reported by several workers. Increased rate, of respiration has 
been observed by several workers. Associated with increased respira- 
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tion and enzymatic activity Is a corresponding decrease In starch reserves j 

and acid hydrolysable polysaccharides (Commoner and Thimann, 1941 ; ^ 

Leopold, 1955).' 

ABSORPTION AND TRANSLOCATION OF GROWTH 
SUBSTANCES IN PLANTS 

The type and magnitude of the response to ti'eatment with growth 
regulators depend upon the amount of the compound absorbed, the 
amount translocated within the plant and the ability of the plant to 
respond to the stimulus of the particular chemical used. Esters dissolve 
ved in oil and emulsified in the .spray solution enter more readily than 
salt formulations through the waxy tissues. Also the electric charge 
of the protopla.5m may determine whether a particle is attracted or 
repelled and the acidity of the sap and the nature of the cell constituents 

may determine the ease with which a plant may absorb a given chemi* 

cal (Tukey andKrishnamoorthi, 1948). Rice (1948) has reported that 
absence of light and decrease in temperature reduced absorption of 
2j4-D in bean plants. 't’ 

Translocation of growth substances mainly occurs through water- 
conducting tissues. When ab.sorbed by leaves, the growth substances | 

are apparently translocated in the same manner as carbohydrates. 1 

PROPAGATION BY CUTTINGS | 

Eventhough the stimulating effects of certain substances isolated j 

from urine, orchid pollen, maize oil, etc., on the growth processes of j 

plants were known very early In the nineteenth century. Cooper (1935) • 
was the first to investigate the practical applieatioiis of growth regular 
tors in plant propagation.. Following his works, quite a large number 
of organic substances were tested for their usefulness in plant propagation - 
practices including seed treatment and considerable success has been 
achieved in this field. Propagation by cuttings, including layering, has ; 

several advantages. The most important one is the maintenance of , ; 

all heriditary characters of the mother plant. A very large number of ; 

fruit trees, however, do not root readily if their cuttings are planted 
normally. The discovery of growth regulators has now widened the 
scope and increased the efficiency of propagation of fruit plants and 
other economic plants by cuttings. 

Selection and Preparation of Cutting's. The ease with 
which cuttings of plants root successfully is governed by several factors ' j, 

like (a) the inherent characteristics of the, species or variety, (b) age of , | 

the tree and the shoot taken for cutting, (c) the nutritional condition of - I 

theparent plant, (f/) the time of taking cuttings, and (e) environmental- 
factors, The treatment of cuttings by growth substances is only a supple- , 
ment to the favourable conditions necessary for the root formation and ■ , 
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cannot be expected to produce any great success to overcome varietal 
shyness of rooting and similar physiological characteristics. Guttings of 
certain species root more readily if Taken from young trees than from 
mature trees. Flard wood of most of the trees and shrubs respond less 
to treatment with growth substances than the soft wood cuttings. Gene¬ 
rally, cuttings are taken from twig,s of the current year which are about 
one year old. Ghadwick (1931) has reported that the best plap for 
ba,sal cut .is about 1.27 cm below a node in majority of the deciduous 
plants. Basal leaves are usually removed to enable ea,sier treatment or 
insertion in rooting media, Large leaves are also removed or reduced 
in size. Garner and Flatcherd (1955) have reported that in three varieties 
of plum tested by them, cuttings taken from layered trees were superior 
to hedge plants and that the 'ba.sal, middle and apical cuttings gave bet¬ 
ter rooting in the order indicated. 

Methods of Treatment with Growth Substances. Solutions of 
most of the growth substances are made by dissolving previously weighed 
quantity of crystals in a few drops of 95 per cent ethyl alcohol which is 
lhe,n diluted tvith the required quantity of water. Salts of many of the 
acidie growth suhstance.s are readily soluble in waUi' and can be dissolv¬ 
ed directly in w'ater. Slock solutions of some of the substances can be 
prepared and kept without deterioration Ibr some weeks, it .stored in a 
cool, dark place. The strength of the solution to be used depends upon 
season, nature of cuttings, species, maturity of cutting.s, diemical used 
and certain environmental conditions. The following methods of ap¬ 
plication have been tried by diflerent workers with varying degrees c,)f 
success. 

Solution Immersion Method. The cuttings held in bundles by 
rubber bands are set with basal ends about one inch in the solution of 
the root-inducing substance, which arc not kept in metal containers. 
Solutions of IBA and. NAA can be used three times if used within a week 
of preparation and if evaporation is reduced to minimum (Ghadwick, 
1937); while solution, of lAA deteriorates more rapidly. During treat¬ 
ment, cuttings .should be out of direct sunlight, but in good light. At 
night or in very dark weather, the length of treatment may be somewhat 
longer. Temperature also affects the length of treatment of, cuttings 
(Tincker, 1938), Higher the temperature shorter is the duration of treat¬ 
ment. 

Concentrated Solution Dip Method, The basal one-half inch 
of the cutting is dipped in a concentrated solution containing 1 to 20 
mg of growth substances in 1 cc of water ora mixture of water and ethyl. 
alcohol. This method reduces the time of treatment to a few seconds 
and is found as effective as optimum auxin concentration in the Solution; 
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Immersion Method (Hitchcock and Zimmerman, 1939), This method is 
particularly useful in the case of cuttings which may be injured by a 
prolonged soaking in water or even in solution. Cooper (1944) found 
the concentrated solution method of treatment quite eflective and more 
convenient than the dilute solution method. 

Powder-Dip Method. This method was first suggested by Grace 
(1937) and is now widely employed. The basal one-half inch of 
the cutting, previously moistened with water, i.s dipped in talc with 
which is mixed the root-inducing substance in the required proportion. 
The exce,ss of powder is removed by tapping the cutting on the inside of 
the container and the cuttings arc ready for placement in the rooting 
medium. 

Deferred Treatment or Re-trea<mc«t of Cuttings. Guttings 
of some species may respond to treatment with root-inducing substances 
when taken out from the rooting medium, weeks or months after first in¬ 
sertion and treated without removing callus (Hitchcock and Zimmerman, 
1938). Such treatments are called'deferred’if applied for the second 
time. Rooting of cuttings of Hamlin Sweet Orange was improved by 
re-treatment with growth substance three weeks after the initial treatment, 
Similar results have been reported by Kordes (1943) in conifers and cer¬ 
tain evergreens. 

Spraying the Stock Plants. Stoutemeyer and O’Rourke (1945) 
sprayed .solution of 2,4,5-TP in concentrations varying from 25 
mg to 100 mg per litre on the parent trees of certain species from which 
cuttings were taken 9-40 days after the sparying and set in the rooting 
medium. The results were as good as the responses obtained when the 
severed cuttings were treated in the usual way. But more trials are, 
necessary before this method is adopted in practical propagation. 

Other Methods. Tinker (1936, 1938) sprayed cuttings in the 
propagation beds at intervals with dilute solutions of the auxins but did 
not get successful ' results. Watering the beds with very dilute auxin 
solutions gave some success, but was a wasteful method. Hildreth and 
Mitchell (1939), however, reported successful results by the spraying 
method used by Tinker, The lanolin paste method was used by many 
of the early workers, but is now used only for, certain specific purposes 
like treatment of air-layering shoots. 

Comparative Effects of Different Growth Substances in Root- 
ing, The response to treatment with different growth substances varies 
with species, the physiological state of the cutting, the rooting medium and 
similar factors, The most, commonly, used substances are lAA, IBA, 


NAA and NAD. In many trials conducted to test the effectiveness of 
4 various growth .substances in rooting, IBA has been found to be more 

el ective than lAA or NAA and also with a wider range of effectiveness, 
without causing damage to cutting. Cooper (1940) also found IBA 
superior to lAA and NAA, Hitchcock and Zimmerman (1939) and 
Kirpatrick (1939) observed that NAA was superior to IBA for cuttings 
’ of some species. 

Besides the compounds mentioned above, several other phenoxy 
compounds and their halogen-substituted derivatives possess root-induc- 
mg properties to varying degrees. Grace (1939) tested the activity of a 
number of naphthalene acids with regard to their influence on root- 
: ing of cuttings and found that activity existed up to and including 

naphthalene hexoic acid. In a later paper (1940), he reported that naph- 
thalene butyric acid and potassium naphthalene hexoate were as effective 

as NAA or IBA. Among the phenoxy compounds tested by Zimmerman 

^ and Wilcoxon (1935), the following were found to be active growth sub- 

: stances in the order of potency ■ (1) K-naphthalene acetic acid, (2) p-naph- 

I thalene acetic acid, (3) acenaphthyl-5-aceticacid, (4) indolebutyric acid, 

(5) phenylacetic acid, (6) anthracene-acetic acid, (7) C-naphthyl aceto¬ 
nitrile, and (8) indolepropionic acid, 

Substances Aiding Root Formation. Certain substances, 
j though not active growth substances, have been found to aid root forma- 

^ tion in cuttings. Treating cutting with vitamin Bi or vitamin Bi and 

^ Bo separately after treatment with growth substances or along with the 

growth, substance have been reported to be beneficial for rooting by 
several workers. Similarly, carbohydrates, amino-acids and nitrogenous 
compounds, mineral nutrients, acetic acid, potassium permanganate and 
some other substances have been reported to be aiding root formation 
when used in addition to growth substances. 

f In certain case;?, a mixture of two or more growth substances in 

I suitable concentrations has been found to be more' eflective than any of 

i; the compounds used separately. Thus Hitchcock and Zimmerman ( 1940 ) 

( , have reported that a mixture of lAA and , IBA produced better rooting 

I , response thanwheneither of them were used ,separately, 

j ^ Work Done on M^or Fruits. Work done on m^or fruits is 

i diseribed below. 

I dsciduous fruU. Soft wood cuttings of Pruniis cerasifera 

I in the spring, from terminal shoots, rooted 100 per cent after treat- 

1 ment with NAA (30 mg/1) as compared to 20 per cent in control. In 

pear, untreated cuttings of most common varieties did not root, but treat- 
j ment with NAA (40 mg/1; 12 hours) gave 100 per cent rooting in 
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spring and 75 per cent in early spring in some varieties (Pearseand 
Garner, 1937). Favourable re.sults of neatment with IBA and lAA on 
pear and cherry cuttings have been reported by Brase (19o8). With 
several varieties of apple, the treatment was not successful. Yorkes (1938) 
also obtained favourable results with IBA treatment (50 mg/1 . o houis) 
on hmus trikba cuttings. Watkins (1938) treated cuttings of Flood 
pear variety with Hoomodin A (contains IBA) and obtained 100 per 
cent rooting in three weeks. Dostal (1942) successfully tried a new 
method of treating apple cuttings (Cox’s Reinetta) with auxin, as the 
usual method was ineffective. The .shoots were ringed to a width of I to 
1.5 cm and the exposed ring was wrapped around with filter paper, the 
ends of which were clipped in flasks containing 0.00005 percent lAA 
solution. A healthy callus was formed and after wintering, the shoots- 
developed buds and roots. 

Sinha (1942) used IBA in lanolin pa.ste on the basis of layer shoots 
of Pershore plum and pear but could not get any improvement in root- 
ing. A slight improvement was obtained in Myrobalan B plum which [ 

however, roots without much difficulty even without treatment. Mohring | 

( 1943 ) reported a method of treating scion portions of certain fruit trees ) 

to induce root formation. One-year-old Imddecl apple on Mailing IX 

dwarfing stock was treated with Bclvitan (containing IBA) paste, after I 

removing a strip of three-fourths of an inch of the bark of the stem and | 

they were planted deep, wdien there was satisfactory root formation. The I 

treatment was particularly successful with Blenhein Orange, Allington 

Pippin, Winter Gold Pearmain and Ontario. Beneficial effects of IBA 

and NAA on the rooting of three varieties of plum have been reported 

by Dikshit (1953). Howe and Early Round gave 68 ner cent and 66 per 

cent rooting respectively when treated with IBA (30 ppm), while the / 

Kelsey rooted only to the extent of 20 per cent. In a further study 

on Kelsey plum, he obtained 25 per cent rooting when IBA was used at 

40 ppm and NAA at 10 ppm. Garner and Hatcher (1955) obtained 

very good results by treating the Brompton root-stock plum cuttings with 

IBA (0.05 per cent) in solution, while, there was very little response in 

Crab Cl apple. : Hartman and tiansen (1958) found that IBA treatment 

was markedly beneficial in stimulating rooting in hard-wood cuttings of 

Marianna, 2,624-plum and peach root-stock No. 7, but was of no aid for 
Qpince, which is a readily rooting species. 

Mango. Thakurta and Dutta (1941) reported that the application of ! 

IBA (3 per cent) on the ringed portion of nlarcots of mango when wrapping 
and also to the base of the cuttings 24 hours before severance from the 
mother plant was very beneficial for rooting of cuttings from2-3»year- ± 

old trees^ From older trees, the success was much less. Singh (1954) T 


studiedthesuitabilityof 12 varieties of mango as clonal root-stocks by 
air layering 2-year-old shoots on 20-year-old tree. The selected shoots 
were treated with NAA (1 per cent) by the lanolin paste method. The 
percentage of rooting obtained was as follows: 


Dwarf varieties 

Semi"Vigorous varieties 

■Vigorous varieties 

Brindabani 80% 

Kala 80% 

Machhali 100% 

,Krishnabliog 40% 

Anfas 70% 

P.S. Special 60% 
No.2 

Samarkand 22% 

Rataul 60% 

Langra Banarsi 40% 

Totapari Small 20% 

Daslieri 60% 

: Tojri Kalan 10% 


, Citrus. Cooper (1935) obtained quicker and more rooting in ^the 
cuttings of Eureka lemon and several other varieties of citrus by treatment 
with IBA and lAA compared to control. Cooper (1936) further reported 
that by soaking the bases of lemon cuttings in heteroauxin (0.5 mg per 
cc of water) for eight hour,s Iiefore setting in sand, a much greater num¬ 
ber of roots was induced on treated cuttings compared to control. Goco- 
lasvili and Maximov (1937)' found lhat cuttings from the trifoliate 
orange, treated at the base with weak solutions of lAA, rooted up to 
lOO per cent and cuttings from Unshiu tangerine up to 70 per cent, 
whereas without such treatments, cuttings of these plants rooted very 
rarely. Marques (1938) got better rooting by using 100 and 50 ppm 
IAA and NAA (long dip) in case of,sour orange cuttings. Baile and 
Halam (1938) also reported marked increa,se in the percentage of rooting 
in grapefruit and Valencia orange ciittlng.s treated with lAA, while 
lemon and citron rooted just as well without treatment. Cooper (1940) 
and Cooper and Knowlton (1940) found a marked increase in the per¬ 
centage of rooting and average number of roots per cutting in a number 
of citrus species by an application of 0,02 per cent’ solution of lAA (24 
hours dip). Traub (I938), working on the .sub-tropical fruits, reported a 
good response of plant regulator treatments in case of several species in¬ 
cluding citron and lemon, 

Erickson and Bitters (1953) used NAA, IBA, 2,4-D and 2,4,5-T 
for rooting cuttings of citrus and related species. No , single growth 
regulator was best for rooting of all the species, but each one was better 
than others in some respects for ,some particular species. Erickson and 
Debach(l953) obtained higher percentage of rooting by treating' the 
lemon cuttings with 0,2 per cent NAA, .Naundrof and Terreros (1952) 
reported best results by crushing the bases of cuttings combined with 




basal treatment with 5 mg IBA to 1 g talc powder. Tlie percentage , 

of rooting and number of roots per cutting, after 25 days, ^vere 78 and | 

4.2, compared to 56 and 3,4 in the next best treatment and 0 per cent I 

and nil in the control. After 50 days, the figures were 96 jDer cent and i 

14,6, 92 per cent and 11.4 and 60 per cent and 5„5, inspectiveiy. | 

Missic and Pavicevie (1954) conducted expriinents on the use of KNAA | 

for the rooti,ng of lemon cuttings, The lemon cuttings, which were I 

8-10 mm thick, 10-15 cm long with and withonl 2-3 leaves, were 1 

treated with 0.001 to 0,2 per cent potassium salt of NAA (Regtilex) for 24 ] 

hoiu’s. The best rooting responses were obtained with 0.01 and 0.005 j, 

per cent concentrations. Higher concentrations induced more rapid 
rooting, but were phytotoxic, while the response to a lower (toncentra* 
tion wa.s ins'gnificant. 

Singh (1955) investigated the efTects of a numlier of growth regin 
lators on the rooting of citrus air layers, He obtained good result,s 
with IBA 1.0 per cent plus 1.0 per cent lAA incase 
{C. auraniifolm). The percentage of rooting with the growth regulatons 
was the same (100 per cent) as in control but an improvement in the 
average number, le.ngth and thickness of the roots was noticed. With 
sweet lime (C. limeltioicks), NAA (1.0 per cent) plus lAA (1,0 per 
cent) gave 100 per cent rooting compared to 60 per cent in the control 
and also increased the average number and length of the roots. With 
grapefruit also, lAA (1.0 per cent) gave the same rooting as control 
(100 per cent) and increased the average number and length of the 
roots. With grapefruit also, IBA 1.0 per cent gave the same rooting as 
control (100 per cent) and increased the average number and length 
of the roots. Dikshit (1956) also obtained best results with 250 to 300 
ppm lAA (24 hours dip) which improved the rooting from 45 per cent 
(in control) to 65 per cent in lime. 

Bove (1957) noted the beneficial effects of orange juice with NAA 
and aneiu'in for rooting and those ofkinetin and gibberellin on initiation 
and growth of roots in citrus cuttings. Gaiiahjan aaid Nekrasova (1958) 
treated apical ends of the lemon cuttings with four growth substances 
alone or in combination. Rooting was induced by NAA and hete- 
roaiixin plus ascorbic acid, but no rooting occurred when TIBA or GA 
were used. GA induced shoot formation in botlinormally set and in¬ 
verted cuttings. Jauhari and Rahman (1959) reported an increase in 
the percentage of rooting of sweet lime hard wood cuttings by the use of 
a mixture of 50 ppm lAA and 50 ppm NAA by the dilute solution 
method.' 

Singh\(1959, ,1960) conducted trials with hma khatta [G. kma)> 
sweet lime (C. itm^ihbnfo) and lime {G. mrantifolia). He used IBA ' 


by the concentrated-dip method. It was found that the ready rooting 
cuttings of young' nursery plants of harm khatta and soft wood 
cuttings of kaizi lime were not benefited by any concentration 
of IBA except the semi-hard wood cuttings of karna khatta which 
required only 500 ppm IBA for effective rooting. The shy root¬ 
ing subjects, namely the hard wood cuttings of kagzi Hme did not show 
any improvement by IBA treatments and in all the cases the rooting 
was very poor. With koderate rooting cuttings of sweet lime, obtained 
from water sprouts and shoots from dehorned trees, an improvement 
in percentage of rooting was noted. A concentration of 2,000 ppm 
IBA improved the rooting percentage up to 70 per cent compared to 
control. DasrtcM1959) found a beneficial effect of 200 ppm IBA 
with 2 per cent sucrose by the solution (long dip) method on the semi- 
hard wood cuttings of sweet lime, By the concentrated-dip method, 
however, 500 ppm IBA was found to be effective for sweet lime cuttings. 
Singh 4 cl. (1960) also worked on the cuttings of .sweet lime in Punjab 
and obtained better sprouting and total extension growth following the 
treatment with Seradix A powder, 

Plum. Dileshit (1956) reported that Large Red, Large Yellow and 
Alpha plum varieties could be propagated by stem cuttings with the help 
of IBA on commercial scale. 

Guam. Singh (1950) .studied the effects of treating guava [Psidiwn 
guajada) gootees with Hortomone A (1; cc in two pints), NAA (1, 2 and 
3 per cent), phenylacetic acid and Seradix ‘B’ powder (No. 2). He 
obtained 77 per cent rooting with Hortomone A, in the variety Karela, 
i while there was no response in Allahabad Red. One per cent NAA 

I gave 100 per cent rooting in 13 days, as against 30 days required by 

I untreated gootees. NAA (2 per cent and 3 per cent) and all concentra- 

I tions of phenylacetic acid and Seradix‘B’were found unsuitable. The 

i ^ork carried out at LA.R.L, New Delhi also indicates the usefulness 

I oflBA inair layering of guava, IBA (250 ppm) applied in lanolin 

j , improved the rooting .significancy over other treatments (Godara, 

I. 1960). 

! Grapes. Yorkes (1938) reported that' August cuttings of Musca- 

j dine grape rooted 44 per cent in tkee weeks after treatment with IBA 

I (20mg/l ; 20 hours) compared to no rooting without treatment. An- 

i liker and Kobel (1945), working with Riesling xSylvaner grape 

i variety, found that the cuttings possessing one bud were benefited by 

the application of heteroauxin and Roche 202 (a proprietary hormone) 
in respect of root formation. Shoot growth was, however, suppressed 
as the concentration increased, Baranova (1946) studied the effect of 
^ , heteroauxin upon rooting and anatomical structure of green wood cuttings 
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of vine {Viiis amumsis). The cuttings were treated with 0.01 per 
cent heteroauxin. After 7-10 day.s, swelling occurred on the lower end 
of the treated cuttings, while no swelling was noticed on the untreated 
cuttings, Numerous roots developed from the swelHng.s 1.5-16 days 
after, planting. In untreated cuttings, root formation was .0-4 days later 
and the number of roots much fewer. Kondo (1948) also obtaiiuid 
very good results in treating the vine cuttings with growth regulators. 

. Heteroauxin (300 ppm), NAA (25 and 50 ppm), 2,4-D and 2,4-l>i(;hlO' 
rophenoxybutyric acid (I and 5 ppm) were applied for 25 hours to 
the bases of cuttings. Good results were obtained with all the gi’owtli 
regulators. Similarly, Heymann-Herschberg (1949) obtained overall 
improvement in the cuttings of root-stocks SoIanixxRupcstris 216-.3, 
ChasselasxBerlandieri 41 B and Rupestris du lot grafted with the 
variety Battier by the application of ortho-chlorophenoxyacctic acid and 
B-naphthoxyacetic acid at several concentrations. If the regulator was 
applied to the apex of the stock as well as the base, it induced the for¬ 
mation of strong callus tissue. The effect was better on outdoor cuttings 
and lanolin paste method was better than talc. The influence was also 
more marked with 41 B which was more difficult to root. Martinez- 
Zaporta (1949), working on some difficult-to-root grape varieties found 
the improvement in. the quality of roots after treatment with .several 
growth regulators (lAA, IB A and NAA). The vines used were 41 B 
de Millardet and 161-49 de Couderc. 

Treccani (1950) used NAA with honey for rooting vine cuttings. 
The most effective treament was 10 ppm NAA with honey. The honey 
increased the effect of the chemical by the virtue of energy provided by 
its sugars. The honey also increased the resistance of cells to growth 
regulators by preventing the coagulation of the proteins. Aguirre et al, 
(1951) found that lAA at 25 mg per litre was more efficacious than 
potassium permanganate on 4NB de Millardet and 161-41 Couderc 
vines. On 100-Richter variety, NAA and IB A were more efllcacious at 
5 and 10 mg per litre. Mullner (1952) reported beneficial effect of 
Floregin and Hoechst Nr 2608 in rooting of cuttings of VilLs sybieslris 
which are normally difficult to root. Cosmo (1952), however, did not 
find any , beneficial effect of growdi regulators on rooting of grape cutlings. 

cuttings of 41.B deMillardet ivith 
lAA at 15, 25 and 50 mg/I for 6 and 12 hours and found that 15 mg/1 
and 6 hours duration of dipping was the best. With 169-49- G be.st 
results were obtained with 15 mg/1 of IBA, whereas with 110 R the hevst 
results were obtained with 25 mg/1 of NAA, In both cases. 12 hours 
dip.was most suitable. Toskie and Avramov (1952) tried four growth 
regulatorsandofthese Rooton (American)and Roche 202 (Swi,s,s) had 





the best effects on the rooting of cuttings. Chasselas x Berlandieri 41-B, 
which is difficult to root, responded most favourably to the treatments. 
Dragas and Avramov (1953) tested the effect of growth regulators on the 
rooting of grape cuttings of ten materials at 2 or 3 concentrations for 
each, ChasselasxBerlandieri 41-B stood first, BerlandieriXRiparai 
fCober 5 BB second and Berlandieri xRiparia Teleky third in order of 
their response to growth regulators. The effectiveness of lieteroauxin 
(lAA) and potassium permanganate was also noted by Markin (1953). 
The treatments were, however, effective when applied in conjunction with 
the two methods used to induce rooting, i.e., ‘kilijeevanie’ and scratch¬ 
ing the bases of cuttings longitudinally-with a special instrument. The 
cuttings of variety Couderc 161-49 showed no significant increase in the 
rooting percentage afier treatment with Rootone (5). The vigour of both 
the roots and shoots was,’ however, improved by the treatment. 
Rodriguez (1957), however, obtained an overall improvement ju the 
cuttings of vine varieties 41-B, 99-R and 161-49 when treated with lAA 
or NAA. The best results were obtained with 24 hours immersion 
of the bases in aqueous NAA at 150 ppm followed by planting in fine 
sand under glass at 85-95 per cent 'relative humidity and I7°G tem¬ 
perature. 

Bhattacharya (1 959) found that for hard wood cuttings of Anab-e- 
Shahi grape (in leaf mould, 75 ppm lAA gave best results followed by 
100 ppm lAA (in soil). A mixture of lAA (75 ppm) plus IBA (25 ppm) 
also proved better than either of the two at various concentrations (50 
and 100 ppm) when Anab-e-Shahi grape cuttings were planted in 
soil. For Bhokri and Black Prince grapes, IBA (75 ppm) gave the 
best results. 

Loguat. The effect of the growth regulator treatments on the air 
layers of Golden Yellow loquat was studied by Singh andSharma (1954). 
They obtained 20 per cent rooting in control, 100 per cent in NAA (3 
per cent), 50 per cent in phenylacetic acid (1 per cent), 80 per cent in 
lAA (2 per cent),' 90 per cent in IBA (3 per cent) and 40 per cent in 
2,4-D (h per cent)’. In Pale Yellow variety, NAA (10,000 to 30,000 
ppm), IBA (20,000 to 30,000 ppm) and lAA (10,000 to 20,000 ppm) 
were found to be effective on air layers. NAA, however, proved to be 
the best (Jauhari and Jit, 1960). 

Olmandfig. Cuttings of olive and fig were treated with hete¬ 
roauxin by the solution and lanolin paste methods. The solution method 
was found to be superior. The addition of sugar to the solution of hete¬ 
roauxin increased root formation in certain cases (Evenari andKaonis, 
1938). Experiments were, also conducted at the university of California 
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to determine the rate and degree of root and top regeneration in^ tip 
cuttings pf four fig varieties, and their response to various concentrations 
of IBA (Crane and Mallack, 1952), The treatment resulted in injury to 
three of the varieties and increased regeneration in the fourth. I he 
greater the natural potentialities a variety had for regeneration, the 
greater was the injury resulting from the application of IBA. ^ 

Mulberry. Inforzato (1950) obtained good rooting in mulberry 
cuttings (variety Catania) by the application of Seradix B (Nos. 2 and 3). 
A number of growth regulators were also used at Conegiiano Experiment 
Station in mulberry propagation by cuttings (Moretti, 1954), Little effect 
was noted in one variety. With the other, the best '"results were obtained 
by Roche 202 (1,000 ppm) and lAA plus NAA each at 50 ppm. Also 
forcing L and 2-year-old cuttings as 25°-28Xl and applying lAA at 100 
ppm to the base with or without the application of 50 ppm lAA to the 
apex gave the best results (21 perc ent). 

Brmdfniii. Muznik (1940), working on the branch cuttings of tro¬ 
pical breadfruit in South Africa, obtained 80 per cent success after dipp¬ 
ing in IBA (1 per cent) solution. 

Jack fruit. In marcotting tests on jack fruit (Singh, 1954) 
IBA (1 per cent) markedly stimulated rooting. Darken brown shoots, 2- 
2|-year-old, gave'better results than the younger ones. 

Papaya. Sen Gupta and Chattopadhya (1954) treated shoots of 
jrapaya, 10 cm long, taken from the apex with IBA and NAA in lanolin. 
Cent per cent rooting was obtained with 3-5 per cent IBA, whilet here. 
was no response to the NAA treatments, 

. Propagation by Grafts. Growth substances have only a limit¬ 
ed application in, the propoagation methods by grafting. The reported 
beneficial effects in a few cases are the quicker healing of wound due to 
rapid callus formation and better stock and scion union in certain, cases. 
Adverse effects of auxin treatment in grafting have also been noticed in 
certain cases. Kordes (1938) has reported that the Immension of stocks 
and scions of grapes for 16 hours in 0,01 per cent IBA solution and 
storing the grafts in moist sawdust before planting in the'field increa.sed 
root formation in the stock and the rate of callusing of the graft union. 

Propagation by Seeds. Haas and Brusca (1954) has reported 
beneficial results of treating seeds of sweet orange with 2,4.D. He 
applied, the gi’owth substances by sprinkling the seedbeds with tap- 
water containing 0,0075 of 2,4-D, There.sponse was almost a 100 per 
cent in stand and more vigorous seedlings. 
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Veldestra (1943) Jias reported an increase in percentage germination 
and bigger yields after treating the seeds of tomato with IBA. Ghoudhary 
and Singh (1960) reported that tomato seeds when soaked with proper 
concentrations of NOA, 2,4-D, CIPA and GA for 24 hours, resulted 
in better germination, quicker growth and higher crop yield. NOA (25 
and 50 ppm), GA (5, 10, 15 and 20 ppm) and CIPA (10 and 20 ppmj 
gave significantly higher growth of the main stem andyieldoffru.it 
than control, 2,4-D (1 and 2 ppm), though gave better growth, it did 
not give higher yield of fruits. 

, The beneficial effects of plant regulators on tomato seed have also 
been reported by Handaw (1940) using IAA, Similar results have been 
obtained by Amlong and Naundrof (1937) with radish and also by 
Sebanek (1955) with pepper. 

GA has been shown to sulxstitute completely or partially for after- 
ripening in promoting germination in the seeds of peach (Donoho and 
Walker, 1957), sweet cherry (Fogle and McCrory, 1960), and hazel and 
beech (Frankland, 1961), 

Poor germination in grape seeds coupled with a slpw growth of the 
hybrid seedlings handicap the grape breeder in early evaluation of hy¬ 
brids, Muller-Stoll (1950) reported improvement in seed germination 
of vines by the applications of aqueous solutions of heteroauxin and 
IBA. The effect was, however, not lasting. Pre-sowing treatment of grape 
■seeds with GA was tried by Randhawa and Negi (1964). The high¬ 
est germination (75 per cent) was obtained when the seeds were strati¬ 
fied for 80 days and then soaked in 500 ppm GA before sowing. Fieri 
(1959) also obtained early response of seed treatment with GA on 
seedling growth, while Fillippenki (1960) failed to obtain any response. ' 

Kulkarni and Deshpande (1964), studying the effect of 2,4-D on 
germination of coconut, concluded that treatment with 100 ppm of 2,4-D 
was best suited for coconut seed germination. Clarence a/. (1956) 
reported that lAA was found to be superior to NAA in increased germh 
nation of groundnut seeds. 
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CHAPTER 11 

EFFECT ON FLOWER INITIATION, FRUIT-SET, 

YIELD AND Q,UALITY 

INTRODUCTION 

Plant growth ‘ regulators play a very impoitant role in flowering 
induction in many horticultural plants. The pa,st work on flower initia¬ 
tion clearly shows that there is a definite correlation between the auxin 
content and flower initiation (Leopold, 1948 ; Nitsch, 1949 ; Teles Pal- I 

hinha, 1952; Cooke, 1953; Bakhinzen and van De Sande, 1953). The 
production of these growth hormones corresponds to the photoperiod to 
which the plant is exposed, Bakhinzem (1953) concludes from his 
experiment that the optimal length of photoperiod - corre.sponcJs 
to the optimum amount of flowering necessary for flowering and 
that flowering hormone is produced only in the dark. In both 
long-and short-day plants at the time of appearance of flower pri- I 

mordia, there was a decrease in the auxin content but lowering the , | 

auxin content by various methods did not bring about flower initiation I 

under unfavourable photoperiods (Cooke, 1953). Vlitos and Mendt I 

(1954), studying the role of auxins in flowering, found greater amount ' 

of lAA in plants grown under photo-inductive day lengths. All these • : : 

results indicate that for flower initiation hormones are essential to be pre- 1 

sent in plant tissues and these are produced under favourable photo- 1 

periodic induction. A 

The plant growth regulators have been used in the induction of ! 

flowering as well as for the inhibition and delay of flower induction I 

which ever is suitable in case of individual crops. The initiation of flower- ' I 

ing in plants has been extensively studied in pine apple by van Overbeck , ^ 

(1946). : : I 

PRACTICAL APPLICATIONS OF PLANT’growth 

Apple. Inapple, Fritzsche (1950) noticed that the successful thin- t j 
ning carried out in 19.50 with ’NAA had a marked eflect on 1951 (off I 

year) blossoming. Treated halves produced little to abundant bloss:.ms i 

depending on variety, while no flowers were observed on the untreated* — 

control halves. 

LitcM. Schigeura (1948), studying the blossom-bud differentiation ’ ^ 

in litchi, noticed the effect of sodium naphthaleneacetate on blossoming. 

His studies revealed that in litchi'the vegetative maturity of the .stem I 
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terminals has a bearing on blossoming during the following spring and 
that, sodium naphthaleneacetate sprayings, if done properly, cause the 
maturation of these stem terminals. 

The use of growth regulators in the flowering of litchi was also 
.studied by Nataka (1955). Sodium naphthaleneacetate (SNA) promoted 
flowering only when there was heavy rainfall during October-Nov- 
ember and with adequate water available from December to February. 
The application of SNA did not result in increased floral initiation and 
yield during a year with dry fall months and on trees that had yielded 
heavily the previous year. Under these conditions, the nature of the 
action of SNA appears to be inhibition of vegetative growth which in 
turn is a requisite for floral initiation. 

Pineapple. NAA, even in small quantities of 0.05 mg per plant 
was found capable of inducing flowers on a limited number of plants, 
while 0.25 and 0.5 mg per plant caused practically 100 per cent 
flowering (van Overbeek, 1946). Although 2,4-D has flower-inducing 
powers equal to NAA, fruit induced by 2,4-D shows a lower average 
weight compared to those induced by NAA. This may be attributed 
to the adverse effect of 2,4-D on the development of young leaves. In 
another experiment, 1 oz of either NAA or 2,4-D was found suflficient 
for inducing flowers in 113,000 plants., van Overbeek reported that Gabe- 
zone pineapple plants treated with O-.OOl mg of NAA flowered in 6-8 
weeks.,and produced a full-sized fruit six months after treatment, His 
growth regulator' trials with Gabezona, Red Spanish and Smooth 
Cayenne showed that flower formation could be induced in any month, 
lie even went up to the extent of predicting the size of future fruits be¬ 
fore treatment is given and thus making crop control in pineapple prac¬ 
tical and profitable. 

Relation of hormones and flowering was again studied 'in pineapple 
by Groszmann (1950), In trials .started in Qiieensland in 1947, 5 
ppm NAA applied at 2 fluid ounces per plant in spring and early 
summer induced flowering and increa.sed the fruit weight by 7--14 per 
cent. B-hydroxyethyl hydrazine was used by Gowing and Leeper 
(1955) for inducing flowering in pineapple. The chemical was applied 
in water by sprinkling on 20 one-year-old plants at each of the four 
concentrations in each test. The first two highest concentrations, (0,06 
and 0,12 per cent) resulted in the production of flower buds in 18 and 
20 plants respectively, compared with 1 in the control, two months 
after the treatment in mid-May. The second two concentrations (0.12 
and 0,23 per cent) resulted in the production of flower buds in 13 
and 18 plants respectively, compared with none in the control, two 
. months after treatment in mid-September. 
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The effect of gibberellins on flower induction in plants is remark¬ 
able. Wittwer (1957) could induce certain biennials to flower at 
temperature slightly above the known inductive temperatures by the 
use of gibbcrellin even though they normally require low temperature 
to flower. Long-day annuals were induced to flower in short-day con¬ 
dition by gibberellih treatment. 

Thus, pineapple is. the most sensitive plant to the action of these 
substances and application of NAA is most suitable in the initiation 
of flowers, Gowing (1956) gives a hypothesis that SNA acts by com¬ 
petitively lowering the effective native auxin level in the stem tip, that 
the time , of appearance of the inflorescence can be controlled by amount 
and frequency of SNA applicatio,ns tby the length of time effective 
native auxin is kept low) and that the number of flov'ers produced is 
conditioned by the rate of SNA' application, It also mentions that 
earliness of flowering is directly related to the effectiveness of flower 
induction. 

INHIBITION AND DELAY OF FLOWER INDUCTION 

Plant growth regulators sometimes inhibit the blossoming in fruit 
trees. This action has been exploited to avoid flowering at a time 
when the environmental conditions are unfavourable.. White and 
Kennard (1950) tried MPI (1,000, 1,500, 2,000 and 3,000 ppm) on 
apple, grape, strawberry and blackberry in late spring to delay blossom¬ 
ing. Blo.ssoming of apple and grape was not delayed, but in strawberry 
blossoming was stopped temporarily and resumed later indicating that 
earlier treatment might be useful. Blossoming of blackberry was de¬ 
layed by 24-38 days in comparison with that of check plants. Marth 
(1952) noticed the effect of MH to retard flowering in Bartlett pear. To 
avoid frost damage, Kritskaja IG’yukova (1953) used KNA which delayed 
the openmg of buds in pome and stone fruits. The blossoming of apple 
and pear was delayed by 5-7 days and in apricot and peach by 9 days 
by the application of NAA.: Gortycli (1953) also used NAA in cherry, 
apricot and peach and the flowering was delayed by only 15 days. 
Similar results were obtained when 2,4-D at 10-400 ppm was applied to 
the soil around the Ruth Gerstadter plum variety, 

GROWTH REGULATORS AND FLOWER INITIATION 
IN VEGETATIVE CROPS 

Application of Beta methyl alpha' naphthaleneacetic acid in spray 
form at 5 ppm and nitrate of soda solution at 1 oz per gallon prevents 
the fall of flowers of the lima, beans in hot dry weather. In U.S.A., 
the yellow Jersey variety of sweet potato frequently fails to flower. 
To induce flower in this variety, Howell and Wittwer (1955) got very 
encouraging results by spray application of sodium salt of' 2,4-D (100 



to 500 ppm). The greatest number of flowers were produced with 100 
ppm 2,4-D. 

Gibbcrellin has also been used for induction of flowers in case of 
beans and tomato, Wittwer (1957) tried gibberelliii on beans and Early 
Chatham tomato and in all cases the'-flowering was earlier. Wittwer 
(1957) further reported that gibberellin treatment could induce flower¬ 
ing without cold treatment in case of biennials which included carrots, 
collards, cal)bage and kale. But gibberellins were found effective only 
where the plants had reached a size at which they would normally flower 
when exposed to cold. 

FRUIT-SET 

Poor fruit-set is a common problem confronted by the fruit grower. 
The abnormal weather conditions like late frosts, unexpected rainfall, 
hailstorms, etc., determine largely the natural fruit-set in tree fruits. 
To overcome such vicissitudes caused by the vagaries of weather con¬ 
ditions, growth regulators have come in as a handy tool. Gustafson’s 
discovery in 1936 that fruits could be produced artificially by treating’ 
the flowers with synthetic auxins, by-passing the pollination, marked the 
beginning of a greater appreciation of the potentialities of auxins for 
encouraging fruit-set. 

Auxin and Fruit-Set in Fruit Plants. That the key factor 
limiting the fruit-set lies in the presence of production of auxin 
at the time of fertilization and fruit development has been appreciated 
from early times. Gustafson (1939) explained that the auxin’ from the 
pollen grain and pollen tube might be responsible for the eaidy stages of 
fruit growth. Howevei , small amount of pollen necessary to pollinate 
a flower may not carry enough auxin to account for early fruit deve¬ 
lopment. The growing pollen tube may secrete or induce 8)011110313 of 
an enzyme which may liberate auxins from precursor.s present in the 
pistillate tissues (van Overbeek et al, 1941 ; , Muir, 1942). Recently, 
Lund (1956) confirmed this view and said that enzymatic production of 
lAA in the ovary probably from precursors such as tryptophan and 
indoleacetaldehyde was activated by pollination. Thus it seems that 
fertilization itself must provide the stimulus for an internal auxin 
production which is responsible for the rapid growth of the fruits. 

Studies on the distribution of. auxin in different parts of the young 
fruits show tliat the highest concentrations are invariably found in the 
developing seeds. In the strawberry, Nitsch (1950) found relatively 
high amounts of other extracealile free auxin in the achenes, in contrast 
to the fleshy receptacle which did not yield any free auxin, Luckwill 
(1954) has elegantly demonstrated this theory in apples and pears. 
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Besides auxins, there are other chemicals which have been found 
to be influencing the fruits-et. Swarbrick (1948) found that estrogens 
caused parthenocarpic fruit-set in tomato. Recent investigations by 
Wittwer and Munieek (1957) have pointed out the potentialities of GA 
in increasing fruit-set. 

Plant 'regulator has, therefore, two functions in fruit-set. First, it 
provides the tissues of the ovary with the factor initiating fruit growth. 
Second, it acts as an inhibitor of those processes which cause abscission 
of the flower stalk. The great Importance in synthetic auxin sprays, from 
tlie growers’ point of view, lies in their use in supplementing normal 
pollination in the setting of fruits. Some interesting results have been 
obtained in fruit crops which are briefly summarised below. ' 

Apples and pears. Stuivenberg (1943) conducted a series of expe¬ 
riments on'apple and pear. He removed the ovaries in unopened frost¬ 
ed flowers and the hollow receptacle, from which the fruit is formed, 
was hlled with lanolin containing various auxins especially NAA at 100 
kg per g, InPrecoce de Trevotix pear, such drastic treatment with 
NAA and its sodium salt induced considerable fruit-set. lAA was: 
found to be inactive. A series of sprayings of aqueous solutions first to 
the flower, then 3 or 4 weeks later at the time of fruit-set and 
subsequently at 10 to 14 days intervals has been found to be effective 
in ensuring friut-set in pome fruits (Osborne, 1949). The most effective 
compound was the sodium salt of« (2-napthoxy)-propionic acid applied 
at 100 ppm. Swarbrick (1945) reported that a mixture of auxins applied 
as a water spray to young apple fruits damaged by frost produced 100 
per cent parthenocarpic fruits in Miller’s seedlings, but was without 
effect on Cox’s Orange Pippin. 

In parts of California, where Bartlett peai’ normally set parthenocar¬ 
pic fruits, a single spray of 100 ppm 2,4,5-TP, just before flower opening, 
resulted in 20 to 26 per cent increase in yield but in cooler climate, 
similar sprays gave inconsistant results. Further, wide varietal differen¬ 
ces in pears, in respect ol 2,4,5-TP sprays, has been reported by Griggs 
et ah (1951). Similar experiments with American Delicious and Wine- 
sap apples have given negative results (Batjer fit flk, 1951). The most 
promising attempt in apple was that of Osborne and Wain (1951) who 
produced small parthenocarpic fruits by spraying emasculated blossoms 
with 100 ppm a-phenoxypropionlc acid. ,, 

In a recent report by Luckwdll (1959), more fruit-set was, obtained 
in pear with GA alone than with GA mixed with 2-naphthoxypropionic 
acid, whereas no fruit-set was noted without sprays.' 


Stone Fruits. There is no reported evidence of auxin sprays in 
influencing fruit-set and parthenocarpy in these crops. Randhawa and 
Nair(1960)in their experiments at I.A.R.L, New Delhi, got negative 
results with NAA, GIPA and GA in the Alpha variety of plum. 

Smallfruits. Para-chlorophenoxyacetic acid (4-GPA) has been 
found to induce greater fruit-set in grapes and currants (Coombe, 1953, 
1954 ; Jones, 1955; Weaver, 1956 ; Weaver et ai, 1957). These reports 
point out the replacement or girdling in grapes by the use of .synthetic 
auxins. Recently, GA jias come into prominence in viticulture and 
many reports (Weaver, 1958 ; Stewart et al.^ 1958 ; Pieri, 1959; Krishna- 
murthifil a/., 1959; and Bukovac rl «/„ 1960) have proved beyond 
doubt the potentialities of GA in improving the yield. Application of 
GA gave'excellent results in seedless grape varieties especially by increas¬ 
ing the fruits size considerably, Boughtty (1959) ill a recent communi¬ 
cation, reported that NOA, 2,4,5-TP and N.AA: alone or in various 
combinations induced increase in fruit-set in cranberries. In strawberry, 
Singh and Randhawa (1959) and Singh, Randhawa and Jain (1960) 
found increased set with GA and 4-CPA sprays. In plialsa [Grewk 

asiaiica), sprays of 10 ppm GA markedly increased the fruit-set, while 

2,4,5-T was effective only at 5 ppm (Randhawa et at., 1*^59). Jauhari 
and Prasad (1963) suggested that 2,4,5-T may be used with advantage 
for better yield and quality of pimka fruit, 

' Fi^. Considerable success has been achieved by substituting plant 
regulator sprays for caprifleation. Of the numerous substances tested, 
IBA, NAA, 2,4.5-T and CPA proved effective in inducing early-matur¬ 
ing parthenocarpic figs (Crane and Blondeau, 1950). 

Citrus Many plant growth regulators have been tried in citrus. 
Stewart and Klotz (1947) found no increase in fruit-set and fruit-size in 
Valencia by aqueous .sprays of 2,4-D (Erickson, 1951), In a later com¬ 
munication Stewart (1952) reported that the .sprays of 2,4-D, (16 ppm) 
applied at flowfring time to Valencia trees caused an' increase in fruit- 
size, but did not improve fruit-set. Plowever, Hield and Stewart (1956) 
found increased fruit-set and fruit-size in Washington Navel Orange bv 
aqueous sprays of 8 ppm 2,4-D. 

Soost (1958) sugge.sted the pos,sibility of increasing fruit-set In the 
Clementine mandarin with 1,000 ppm GA. llkld d al. (1958) observed 
that in Bcarss lime, with GA 100 and, 1,000 ppm the fruit-set recorded 
was 86 and 79 per cent, compared to 56 per cent in control. Fruit set 
was significantly improved in Eureka lemon by GA (1,000 ppm) and in 
Washington Navel by 250 and 1,000 ppm, GA,; Randhawa ei al, (1959) 
reported improved fruit-set in sweet lime {C, limettioidcs by 
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10 ppm GA sprays. 2,4-D (10 and 15 ppm) and 2,4,5-T (10 to 15 ppm) 
also, increased fruit-set but not as effectively as GA. The efficacy of GA 
in increasing fruit-set, in Jaffa ,and Pineapple sweet oranges was also 
reported by Randhawa and Sharma (1962). 

PineappU. Van Overbeek (1946) reported that by supplying one- 
quarter of a mg of NAA, 100 percent fruiting was obtained in pine- 
apple.. Field trials in Costa Rica by Ferez (1949) showed that ripe fruit 
could be obtained within six months of treating pineapple plants with 
0,0015 per cent 2,4-D. . These experiments also suggest that well-grown 
pineapple can be induced to fruit in mid-August, 2| to 5| months 
earlier than normal by applying 10 ppm NAA to each crown in mid- 
January.. 

Matip, Venkataratnam (194'9) observed that in mango an increase 
in li'uit-set was observed when 20 to 30 bisexual flowers were retained 
per inflorescence and sprayed with 10 ppm NOA, The fruit develop¬ 
ment was also, paiihenocarpic. 

Plant Growth Regulators and Fruit-setting in Vegetable 

Crops. The effect of plant growth regulators on fruit-setting in vegetable 
crops is given below, 

Tomato. Flemphill (1949) used three different growth substances, 
namely najhthaleneacetic acid (NAA), B-naphthoxyacetic acid (NOA) 
and Pmhlorophenoxyacetic acid (4-GPA) at different stages close to 
anthesis. With all ,the chemicals, pre-anthesis treatment of greenhouse 
tomatoes resulted in reduced fruit-set. Spraying four days after anthesis 
resulted in the greatest fruit-set. Dhawan (1952) used 4.GPA as blossom 
spray and alpha chlorophenoxypropionic acid (GPP) as entire plant 
spray oh male sterile John ^ Baer tomato plants which resulted in consi¬ 
derable fruit development but as soon as spraying was stopped fruit¬ 
setting aliso stopped, GPP, 4-GPA, 2,4-dichlorobenzoic acid, Beta- 
naphthoxVpropionic acid and 2,4-D failed to increase the fruit-set on 
male sterile John Baer tomato plants. In California, 29 experiments 
wcrecarriedout in 11 countries and the chemicals used were NOA, 2, 
4-D and the sodium salts offCPA. All proved effective in increasing 
ffuit-set. Leopold (1952), on his studies with excised flowers of self sterile 
strain of John Baer tomato, has s,hown that maleic acid,, glutathione and 
manganous sulphate each and collectively increase fruit-set. Of all the 
compounds kno^n to promote fruit-set, only maleic acid will appreci¬ 
ably increase frmt-set in the presence of glutathione and manganous sul¬ 
phate. _ In Tasmania, Rarhad and Richard (1953) has shown that the 
fruit setting can be significantly increased by using NOA and a number 
of other commercial plant hormone preparations. Krishnamurthi and Sub- 


ramaman (1955) used ammonium salt of 2,4-D (2 ppm) which increased 
the fruit set in the 3rd, 4th and 5th clusters of tomato by about 191 per 
cent. Emmert (1956) got a better set and larger tomatoes by using Beta 
NAA plus boron than by using the hormone alone. 4-GPA increased 
the fruit .set but did not affect fruit size. Singh and Kacker (1952) re¬ 
ported that tomato fruits produced by plant regulator treatments were 
seedkss but their size was considerably reduced. Ghattopadhya (1956) 
studied two plant regulators, namely 2,4-D and TCP and found TCP 
to be more effective in increasing the total fruit set in.the treatment of 
old flowers, while only newly opened flowers showed higher percentage 
of fruit set in 2,4-D. Randhawa (1951) reported that in tomato v rious 
hormones applied as sprays to flower clusters at three different stages of 
development failed to increase the total yield. How'ever, application 
of4'GPA(20and50ppm) increased the, early yield. Ghhonkar and 
Singh (1959) found that the application of NAA to flowers resulted in 
greater fruit set in tomato. Gustafson (1960) observed: an increase in 
the number of fruit set and total weight of fruit per cluster when 
flowers and buds of the first cluster of field grown plants were sprayed 
with GA. 

Brinjal Kri.shnamurtlii (1954) opined that in brinjal the appli¬ 
cation of 2,4-D to flowers advanced fruit maturation up to nine days 
and more than doubled the fruit set. The most effective method was 
the application of pa.ste but the simplest were the aqueous sprays at 2 
ppm which gave 58 per cent fruit set (control 27 per cent) and advanced 
maturation by seven days. 

Other vegetables. The application of six plant growth regu¬ 
lators and two pollen parents had no effect on Gweraw mb hut an, 
increase of about 22 per cent in set was achieved by the use of 4-CIPA at 
the time of pollination (Whitaker and Pryor, 1946). Wittwer (1957) 
reported increased set in cucumber by the use of gibberellin. Muiphy 
(1957) found an increased pod set in beans by the application of N- 
metatolyl , phthalamic acid at half pound per acre or with 2,4,5-T at 
100 ppm. 

EFFECT OF PLANT GROWTH REGULATORS ON YIELD AND 
SIZE OF FRUIT 

Fruits. Clark and Kerns (1942-43) obtained increased weight in pine¬ 
apple fruits by using a higher concentration of NAA but lower concentra¬ 
tion had no effect. Trials in, Qijeensland in ,1947 showed that by applying 
5 ppm NAA at 2 fluid ounces per plant in spring increased fruit weight 
by 7-14 per cent in apple. Gardner (1950) found that application of 2, 
4-D at 25 and 50 ppm effectively reduced the drop in Pineapple oranges 
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and thereby increase the yield compared to the controls. But, it had no 
effect on Valencia oranges. Weaver and Williams (1950) obtained large 
berries in grapes with a spray of 5 ppm 4-GPA. Trials in California in 

1950 on Bartlett pear’showed that significant increase in yield could be 

■ obtained by the aqueous sprays of 2,4,5-T and' its alkanol amine salt at 
100 ppm when applied at the pink bud stage. Stewart (1951) obtained 
reduction in fruit drop in Washington Navel and Valencia oranges with 
8 ppm 2,4-D. The yield was also higher compared to control, Stewart 
it al (1952) noticed a significant increase in size of Valencia oranges by 
spray application of 2,4-D and 2,4,5-T. Pickett (1952), working with 
Royal apricot, got an increase of 10 percent in the fruit size by the 
application of 2,4,5-T during the thinning operation. Hield and Stewart 
(1956) used 2,4-D for Washington Navel oranges and there was consi¬ 
derable increase in the fruit set and size. Erickson (1956) found that 
spray of 8 ppm 2,4-D or the same concentration of butyl ester of 2,4,5-T 
had favourable eflFects on the .size and yield of Eureka lemons. 2,4-D 
significantly increased the yield but: only slightly affected the fruit growth 
and quality. 2,4,5-T increased fruit size and weight but' delayed matu¬ 
rity. It. also markedly reduced the total yield. 



Vegetables. In Florida, Sclirader (1943) tried a spray of 0.4 per 
cent aqueous solution of IB A on been, but it resulted in a significant 
. decrease m the yield. In 1946 experiments in Columbia, blossom spray 
of 4-CPA on snapbeans resulted in higher yield. Other related and 
effective subtances were. 2,4-D and orthochlorophenoxypropionic acid. A 
10 per cent decrease in yield was recorded by Prince (1949) for each | 

pint40percent2,4.D appliedto potato crop during flowering. Hemp¬ 
hill (1949) noticed that in tomato the spray of NA-20 ppm, NOA-5b ppm 
and CIPA-IO ppm, 4 days after anthesis, resulted in the highest yield 
Wittwer (1949) applied a spray of 40 ppm BNOA acid and 10 ppm 4- 
CPA, along with mechanical vibration, to a spring and autumn crops in 
seven tomato varieties, but significant yield increase occurred only in the 
American variety. Julliet (1949) in France got 33 per cent higher yield 
m tomato by the use of BNOA (100-400 ppm). The treated fruits were, 
superior m weight, size and quality as compared to controls. Randhawa 
(1951 frecorded an increased yield in tomato by spraying flower clusters 
wi* 25 and 50 ppm of 4-GPA. Damsh Export tomato sprayed with 
TIM at the rate of 25 to 100 mg pef litre gave 64 per cent higher yield 

and matured fruits 2-3 weeks earHei’ than controT^D (1952) report- 
ed that CTP. in an entire plant spray of tomatOi significantly reduced the 
early yielcl. Trials by Krishnamurthi (1954) indicated that the treat- 
ment of2,4-p paste (0,0025 per cent) to brinjals caused an increase in 

toe fruit set but the huit size was decreased, But when 2.4-D was applied 
in talc form the yield was not increased. Podesva (1955) noted that soak- 
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ing the seed of the mid-season cabbage variety Pourovo Dobrovodsle for 
24 hours in a weak acid solution of 0,01 to 0,02 per cent heteroauxin 
at 3°-13°G gave a yield of 23-25 per cent more than controls, Treatment 
I with the same concentration at 20°G retarded growth and reduced yield. 

. Davison (1957) tested various chemicals in glass-house tomatoes, and re¬ 

ported increased yields with 4-GPA. 
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CHAPTERIII 

CONTROL OF PRE-HARVEST DROP 
INTRODUCTION 

Fruit drop is a serious problem and in some fruits has lieeorac a limi¬ 
ting factor for increasing fruit production, In fact, fruit trees normally 
produce abundant flowers and all these flowers normally do not .set 
fruit, There is a balance struck by nature to prevent exhaustion of 
the trees by over-bearing, ■ Thus early drop of flowers or fruits should 
be neither too light nor too severe, if a tree is to produce a regular crop 
of normal size and quality. The problem of drop cloe.s not end tliere, 
because more often the orchardist is confronted with suc(:es,sive wavc.s of 
abnormal fruit shedding, Comprehensive studies in cleciduou.s fruits, 
especially in apple, have revealed that there are critical period.s, during 
which the fruit fall is appreciable. The causes of such hazards have 
been investigated and it is seen that, apart from abnormal, weather con¬ 
ditions, late frost, drought and hot weather, there are intric:ate physiolo¬ 
gical processes, which lead to the drop of immature fruits. 

The drop of fruits is said to be influenced by an absei.ssion media- 
nism, which is controlled by a layer of cells in the pedicel of the fruits. 
The formation and development of this layer of cells i.s held under 
check by a series of physiological processes. Plant growth regulators 
have come in as a handy tool in regulating this mechanism and pheno¬ 
menal developments have taken place to such a magnitude that aerial 
spraying of 2,4-D has'been advocated in citais orchards of California to 
reduce pre-harvest drop. 

Although considerable work has been done on this subject and 
several reviews have already been written (Vyvyan, 1946a ; Audus, 
1959; van Overbeek, 1952,1959 ; Naidu, 1953), the exact cmse.s of 
fruit di'op are not yet fully known and doubts have been expressed on 
the control of ‘June drop’, especially with the use of plant growth regu¬ 
lators. An attempt is made here to ferret out the salient features of the 
investigations done so far on this topic. 

WAVES OF FRUIT-DROP 

The abscission of partially developed fruits, .siflj.scquent to 
bloom, is not ordinarily continuous but proceeds in more or 
less, definite waves, The period elapsing from petal fall to , the first 
wave'and between successive waves and their intensity dcpcnd.s upon 



several factors like species of fruit, variety, occurrence of fertilization, 
position of flower, prevailing weather conditions, etc, ' 

Apple. Two abscission periods are usually recognised one termed 
as ‘first drop’ beginning shortly after petal frill and continuing for 2 or 
3 weeks, and the other the so-called ‘June drop’. The‘June drop’ 
l)cgins a few days after the completion of the first drop and continues 
from 2 to 4 weeks. It .should be kept in mind that the term 'June drop’ 
is somewhat a misnomer, since the second wave of alxscission begins 
in certain regions in May and is completed in June, In other regions, 
it I'jegins in June and is completed in July, The time at which the 
abscission of partially developed fruits occurs is related to the number of 
ovules feitiliztd and stability of the embryos produced. If fertilization 
does not occur in any ovule, the flower usually abscises shortly after 
petal fall. Murneek (1933) distinguishes this wave from the one in 
wJiich the receptacle is slightly enlarged, depending upon the fertiliza¬ 
tion of ] or 2 or 3 ovules. It is certain that these two waves overlap. 

In case of ‘June drop’ the dropped fruits are progressive larger. 
The numl^er of fruits falling in the ‘June drop’ is usually inversely pro¬ 
portional to those which abscised shortly after the petal fall. Baldwin, 
Grimes Golden, and Rome Beauty are reported to show a light first 
diop, but the later drop i,s somewhat heavier. Other varieties like 
Stayman Winesap and Delicious are prone to heavy abscission shortly 
after bloom, while later abscission is usually light (Flowlett, 1927). 

The pre-harve.st drop in apples occurs in greater intensities than 
the earlier drops. The premature formation of the abscission layer 

responsible for the normal shedding of ripe fruit, seems to be the possi¬ 
ble reason in this case.'(Vyvyan, 1946a), The intensity, time and 
duration of the pre-harvest drop are influenced by a number of factors, 
cultural treatments and vaiietal and morphological characteristics 
(Vyvyan, 1946), 

Vyvyan (1946) devised an index on the rate of dropping whereby 
an accurate estimate of the relative effects of hormone sprays under the 
various experimental conditions could be worked out. The most accu¬ 
rate measure of this .standardized rate of dropping or dropping index is 

given as below : , , ' 

0 -- Xi-Loge XJ 

^ts-ti , 

Xi ^ Total number of fruits on the tree at the com¬ 
mencement of drop. 


f\ fo -0 P 
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Xj = Total number of fruits on the tree afier llie droj) 
has ceased. 

t^—ti “ The period of oi).servation in days. 

Pear. Two periods of abscission were o!)scrv(,:d at Ihist Mallhiff. 
England, in the varieties Doyenne dn Comi(,:i', CVmltnrnct:' and I’il- 
inaston Diichcs.s. A very heavy early drf)p of non-l'cri.ili;sed flowers 
occurred, followed after an interval of two w(!eks by a sligiii second drop 
of partially developed fruits. 

Peach. In general, two main waves of abscission arc observaui in 
the peach, although the sec(jnd may consist of scvei'iii minor crests 
(Blake, 1926), The first drop begins itnmediatidy aficr full lilooin and 
extends over a period of from 2~3 weeks. It involves flowers Iwving 
aborted jjistils, tho.se of winch have not h(;;en jrollinatwl and fi'riifizi'd and 
pos.sibly a .small percentage in which fcrtilizaiion occuiTcd but the zygoii' 
or embryo aborted. The later I’xniod allects |:)a,iiiidly dcvclojaai fruits in 
which embryo and cndo.spcrm development has talani plaia; and whosi- 
size increase.s as the .sea.son advances, 

Plum, The ah,scission affects llower.s whicli .show no (‘nliirgcnicnt; 
after full bloom and partially developwi fruits showing tt widr! riuigc in 
size. Dorsey (1919) reported that the plum has three waves of aliscis- 
.sion, first one consist,s of flowers with alroried pistils, and s(a:oiid and 
third consist of partially developed fruits. 

Cherry. Abscission in sour cherry is rqioried to occur in ifiree 
distinct waves (Bradlniry, 1929). The first wave all'ccis those in whicli 
the ovules are shrivelled indicating cither that no fertiliziition has occur¬ 
red or that zygote aborted immediatidy. Tlic second aud ilfird droji.s 
consist of partially developed fruits, 

Mango. Mango is also subject to heavy and continued fruit drop, 
Wagle (1928) and Mukheijee (1949) rejrorted heavy droir.soflua'inif 
phrodite flower.s and young fruits amounting to 99 per cent: or more. In 
case of Langra and Da.sehri varieties an ultimate retention of only O.lfii 
and 1.2 fruits per panicle w'as ob.served by .Mu.saliibtid-Diu and’Dinsii 
(1946). Most of this fruit drop occurs after setting and can be iUtillrnttii 
mainly to competition among young developing friiil.s. Thi.s early drop 
may be considered as Essential and licneficiar a.s the tree cannot carry 
to maturity all the fruits it sets ijiitially, But in wraiks alter full bloom, 
the remaining fruits on the plant attain good size ;md fnnher coiitiuiKaJ 
drop causes heavy financial losses to the mango growers. Even during 
the ‘off’ years, when the crop load is very light on the tree, this droj.) is no 
less serious, 


Citrus. In sw'eet oranges, especially, there are early-, mid-and 
► late-season varieties, which give year-round production of fruits in many 

areas. But all the varieties flower in March-April and the period of 
maturity ranges from seven to twelve months. During this period, there 
is a certain amount of continuous fruit drop. But there are pronounced 
periods, when the shedding is severe. They are (i) first month following 
full bloom, (ii) ‘June drop’ which usually begins with the onset of warm 
weather in Alay-Jime or early July, and (iii) pre-harvest drop when the 
fruit is about to mature. 

ABSCISSION 

The abscission of fruits occurs at the al)scission layer located at the 
base of the organ, This zone often consists of cells whose walls are 
, thin, completely or nearly lacking in lignin and suberin. Separation with¬ 
out cell division occurs in leaf abscission of certain species and in ethyle- 
^ neincluced leaf abscission of other species (Gaw'adI and Avery, 1950). 

'Ihese indicate that cell division is not an essential precursor of separa¬ 
tion, its function appears to be the abscission scars (Gawadi and Avery, 

1950). Separation may, result from the dissolution of one or more layers 
of cells or cell parts. Addicott (1954) observed three types of dissolution : 
(i) the middle lamella between two layers of cells, dissolves, the primary, 
cell walls remaining intact, (ii) middle lemella and primary cell walls 
between tw'o layers of cells dis.solve, leaving at most the thin cellu- 
p, losic walls over the protoplasts (Eames and Macdaniels, 1947), and 

(iii) entire cells of one or more layers dissolve (Addicott and Lynch, 

' 1955). In ca,se where no dissolution of cells occurs, physical stress seems 

to be the mo,st probable cause. 

Various types of abscission have been ckssified but differences lie 
rather in the degree of restriction of the cell w'all changes to particular 
.sites, than in the actual mechanism of separation of the cells. Barlow 
(1952) quotes following examples: (1) fruit fall in mango is due to soften¬ 
ing of cells near the stalk in the same way as in the rest of fruit flesh, (2) 
m'thewalnut.hull softening occurs first at the sutures but later spreads 
throughout'the tissues, (3) in leaf fall in some Mus spp. a broad but 
well- demarcated region at the base of the leaf stalk disintegrates, (4) in 
many leaves and in the mature apple fruit stalk, although there is 
an ‘abscission zone' several cells thick, differentiated early in the 
life of the organ, separation is confined to a single layer of cells, and (5) 
separation is restricted to a layer of cells provided immediately before 
hand by cell division as in the pedicel of the apple flower or young 
fr’uit 

^ ' Auxin and Abscission, Application of plant growth regulators lias 
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given varying response to the retardation of abscission of leaves, flower 
parts, young and^mature fruits on many species (Batjer; 1951'; Vyvyan, 
1946b ; Wester and Marth, 1950). It was not until 1933 that it was sus¬ 
pected that auxins play a part in the phenomenon of organ abscission 
(Laibach, 1933). Formerly the part played by natural hormones in 
abscission phenomena was only suspected, but in the last few years a 
number of independent investigations have indicated that natural auxins 
are probably the main controlling factors in all organs. Concerning 
fruits, significant contributions have been made by Luclcwill and his 
colleages at Long Ashton. Luckwill (1948) showed that fertilization itself 
provided stimulus for internal auxin production in apple, which i.s res¬ 
ponsible for the rapid growth of the fruit. He discovered that such a 
release of auxin followed the union of nuclei and further located the 


source of this hormone in the endosperm surrounding the embryo. Since 
then, intensive studies employing paper chromatographic separation of 
extracts from various tissues of fruits and seeds ha\'e revealed a much 
more complicated situation. l-In the apple, it was found that at least four 
different auxins accumulate in the growing seeds. Three of these are 
acids and one is a neutral substance but none seems to be identical with 
lAA. Only one of these auxins is present in any quantity in fruit flesh 
and it has been suggested that it alone may be responsible for the con¬ 
trol of growth in the apple fruit, while the concentration in the seed of 
another of them showed a close inverse correlation with the two early 
waves of fruit fall. Hence, it was thought that in apple, auxin might be 
the main controlling factor governing abscission (Luclwill, 1954). 

In Black Currant, two acid auxins, one of which is probably lAA 
and the other a neutral auxin, are produced in the seed as it develop,s, 
presumably as a direct consequence of the rapid protein synthesis. The 
lAA may be the hormone controlling fruit growth, while the second un¬ 
known acid auxin might be responsible for abscission control (Wright, 
1956. In strawberry, there is a similar accumulation of total free auxin 
as the young achenes grow, but seven different components have been 
demonstrated. lAA represents never more than half the total auxin 
potential and the separate functions of the various components are still 
a mystery (Nitsch, 1955). 

, The fluctuationsin auxincontent are clearly outlined by Luckwill 
(1952). In the first drop, vh’tual absence of auxin in the seed is noted 
after petal fall. If the embryo-sac is then examined microscopically, 
endosperm is found in free nuclear state and auxin first appears when 
the endosperm becomes cellular. This latter event marks the end of first 
drop, In the‘June drop’period, the auxin is depleted by the growing 
embryo. Then it rises'again, to a maximum value. It is the low auxin 



during this period, when the embryo is growing rapidly, which appears 
to be the primary cause of ‘June drop’. Sharp rise in auxin ju-oduction 
follows the completion of embryo growth, which marks the end of‘June 
drop’. Pre-harvest drop seems to be associated with the degeneration and 
drying out of endosperm after the embryo growth and auxin content in 
the seed again starts to fall. 

In many species and varieties, however, attempts to regulate abscis¬ 
sion by the application of auxin-like growth regulators have been success¬ 
ful (Vyvyan, 1946 b; Wester and Marth, 1950). The two aspects of 
these results are worthy of consideration. The action of auxin depends 
on the site of its application. Growth sub.stances and nutrients are 
transported preferentially to regions where auxin is in relatively high 
concentration, e.g. meristems and young fruits (Em.sweller and Stuart, 
1948; Went, 1938). Hence augmenting the auxin supply distal to an 
abscission zone in a fruit or leaf or petiole should help to maintain the 
flow of nutrients to the organ and thus indirectly retard abscission. Con¬ 
versely application of auxin proximal to abscission zone should accele¬ 
rate the pre-abscission withdrawal of nutrients and thus indirecly 
accelerate abscission, Secondly there is a diversity of effects following 
application of growth regulators to various species. Such a diversity can 
be explained in view of the known differences among species and the 
complicated nature of auxin physiology. The way in which the control¬ 
ling action of auxins is brought about has been discussed with different 
hypotheses below, 

Possible Causes of Abscission. Possible causes of abscission art- 
described below. 

Hormone-ethylene balance. Gawadi and Avery (1950) proposed 
a theory of regulation of abscission which has been sup¬ 
ported by Hall (1952). According to this theory, leaf abscission is regu¬ 
lated by the balance of hormone (auxin) and ethylene in the leaf The 
greater part of our limited information on the physiology of efhylene has 
come out from studies of fruit ripening, Some fruits like, lemon, orange 
and mango do not produce ethylene as they ripen and in, fruits produc¬ 
ing ethylene, its production either coincides with or follows the ripening 
(climacteric) rise in respiration depending on the species. Addicott 
and Lynch (1955) dismissed this theory because ethylene is probably not 
an endogenous regulator of leaf abscission. Rather ethylene may be an 
interesting type of abscission accelerant, produced by some fruits during 
or following ripening. 

Auxim gradient theory. Abscission physiology .shows that auxin 
has a dominant role in controlling the normal order intervals of leaf abs- 
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cission (Wetmore and Jacobs, 1953) and is the principal endogenous regu¬ 
lator of abscission. This theory (Addicott and Lynch, 1955) propose.s 
that onset and rate of abschsion are regulated by the auxin gradient . ^ 

across the abscission zone. Abscission does not occur when the gradient 
becomes gentle or disappears and is accelerated w hen the _ gradient is 
steep' (high) on the distal side and low on the ]:)ro.vimal side of the altscis- 
sion zone. Abscission occurs when the gradient becomes gentle or dis¬ 
appears and is accelerated when the gradient is revtu'sed, Addicott and 
Lynch (1955) reported positive correlation between the. rate: of change of 
gradient and rate of abscission. This theory i.s svnpor(:ecl l)y (a) the lower- ..: 

ing of the auxin gradient across the alxscission zone previous to the 
abscission, and (b) the acceleration of abscission Ity proximal a])i)lieation. 

Addicott and Lynch (1955) state that this theory iir(.)vidcs explanatitni for 

the perplexing observation that applied auxin may lail to retard al)sc;is- 

sion and may even accelerate it. For example, a{)plied auxiii could 

accelerate- abscission by lowering the efil’Ctive distal concentration 

through competitive interaction with endogenous auxin if transported Ijy . ^ 

raising the proximal concentration, 

Audus (1959), on the contrary, is of the opinbnthat this theory is 
very difficult to translate into terms of known biocl)(.'mical processes and 
further more is not supported by all the facts. It is the ai),solute concen¬ 
tration of auxin at abscission zone rather than the direction of an auxin 
concentration gradient across it, that determined whether leaf fall shall Ire 
inhibited or promoted. 

Bmhemical explanation. Auxin inhilrits the enzymatic pro- i 

cesses involved in the decomposition of the calcium pectate ‘cement’ !| 

holding together the cells in the abscission region (van Overlteek, 1952). j 

Very little is, known about these processes and nothing at all about the 
direct action of auxin upon them. But it seems possible that the activity j 

of some of the enzymes concerned in the metabolism of other pectic 'j 

materials, may be affected by synthetic auxins (Audus, 1959)., Change.s | 

in pectic materials may play an integral part in extension-growth of I 

cell walls. Auxins prevent abscission whi61i results from changes in the < 

calcium pectate of the middle lamella between the cells of the abscission 
zone. . Such changes are presumably enzymatic and auxin, may inhibit 
them directly. The direct evidence on action of auxin on cell wall mata- ' 

bolism is scanty and conflicting. 

GMerellin mechanism, Luckwill’s work points to the fact that 
the seed produces a regulator which is an ‘anti-drop’ hormone, w Inch he ! 

nmtd Maks auxin 2, Flowever, van Overbeek (1959) puts fm ward 
an hypothesis that this anti-drop regulator is not art auxin but a gib* i 
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berellin. If the properties of an antidrop regulator given by Luckwill 
(1954) are compared with those of gibberellic acid, similarities noted by 
van Overbeek (1959) are : (i) both promote extension growth of wheat 
coleoptile sections, but much less than lA, (ii) both excel in bringing 
about parthenocarpic fruit development in tomato, (iii) both are produc¬ 
ed during certain stages of seed activity only and the chromatogram of 
GA on leaf base sections look very much like that inhibitor 1 and auxin 
2 of aprle leaf extract on wheat coleoptile sections (van Overbeek et al, 
1957), (iv) both are capable of preventing abscission of young fruits. If 
we assume that the ‘June drop’ is brought about by a drop in the produc¬ 
tion of the anti-drop regulator, and (b) that this regulator is a gibberel- 
lin van Overbeek (1959) argues that it becomes at once apparent why 
auxin induced fruit thinning expresses itself as an exaggerated ‘June 
drop’. It is at present becoming clear that gibberellin-controlled processes 
are strikingly antagonized by auxin, Wallhood (quoted by van Over¬ 
beek, 1959) found that the natural drop of, young cotton fruits could be 
stopped by the application of GA and much promoted by application of 
lAA. van Overbeek (1959) concludes that no longer we can think in 
terms of growth control by a single auxin, 

USE OF PLANT REGULATORS IN CHECKING FRUIT-DROP 

Apple. The pioneer work on the application of synthetic auxins to 
the prevention of fruit drop in commercial orchards was that of Gardner 
elai (1939, 1940) who made a very comprehensive study of a wide 
variety of compounds and treatments on a number of apple varie¬ 
ties. Attention has been directed since then almost exclusively to pre¬ 
harvest drop. ‘June drop’ has been little studied partly because earlier 
studies on it by Gardner et al. (1939, 1940) were noten couraging. 

June drop. Vyvyan (1949) pointed out that early thinning could 
be carried out with greater confidence and precision. In spite of early dis¬ 
couraging results, experiments were carried out on Cox’s Orange Pippin 
at East Mailing Research Station using 10 ppm NAA alone and in mix¬ 
tures with routine lead, arsenate and dispersible sulphur sprays (Vyvyan 
and Barlow, 1947, 1948). Considerable degree of control was obtained 
in two very different seasons. 2,4-D at 10 ppm gave no control by itself, ■ 
but did not affect the, control of NAA when mixed with it, Vyvyan 
and Trowell 'f 1951)^ point out that very early sprays applied in tlie, 
second week of May may actually increase the rate of dropping. 

Effective compounds, In the variety King David, Gardner si zjL 
(1939, 1940) found that the, order of effectiveness was lAA, IBA, 
and IPA. The compounds include the acid itself, its sodium, potassium, 
calcium, and ammonium salts.- The salts appear to be as effective. 
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as thp free acid, although it has been suggested that the action of the 

salts is rather transient than that of;he acid (Batjer and Marth, 1941 ), 

Naphthoxy acids such as B-naphthoxyacetic acid and B (l-naphthoxy)- 
propionic acid also have a checking action which is not, however, as 
maried as NAA compounds (Batjer and Marth, 1941 ; Swarbrick, 
1943), ^ The response of phenoxy-acids especially 2,4-D is varying,' 
according to variety, Stayman Winesap and Winesap have res¬ 
ponded well (Moon eij, 1948 ; Harley rf«/., 1948), whereas nega¬ 
tive results were obtained in Delicious, Golden Delicious and Mcrnto.sh 
(Harley cuk, 1946 ; Edgertpn and Hoffman, 1948). English varieties 
WmxesterPearmain (Swarbrick, 1945) and Bramley Seedling (Vyvyam 
and Barlow, 1948 b) were also found to be insensitive. Recent com¬ 
pounds which show promise with even insensitive varieties like McIntosh 
are, 2,4,o-T (Hoffman and Edgerton, 1952) and L-(2,4,5.trichloro- 
plienoxy)-propionic acid (Edgerton and, Hoffman, 1951 ; Batjer e 4 al 
J54), A survey has been made of the action of all the chlorinated 
Amercian varieties (Marth et aL, 
Grimes Golden, which is unresponsive to 2,4-D and 2 4 5 T 
was _ extremely senshive to 2,4.D. Precisely opposite results were 
obtained with the variety York Imperial. This last variety was also 

Northern Spy, Golden Delicious and Red Delicious, These results 
point out the wide array of response between the compounds and the 


\ 


by most 

a, 1^ 0®”’ “ rs*) used aa low a coucentratior, 

.°r7“™“8hertl.autl.e standard ttagth may give 
™to c«a.a d.tadvantage,,«cha,toofirmWd^^ of ,I ripe fait 
durtug pluc mg. M„„ ^entiy the concentraL effect fetl 
mvMt^ted byfadeihrited ffalt abscission technique with NAA and 

re* of these apermtents indicates that for each compound there is 

i r 0 ,!!'^’ threshold varies between 1 and 10 ppm 

whereas for 2,4.D it seems to be of the order ofSO ppm. 

Prn tfapplmlm. Tk, anxins are usually applied to the tree 
m & fom of water sprays. Batjer (1941) has rLommended that 

thesprayingofthetrees should be from inside and outside. Treatment 

of large orchfas by spraying from aeroplanes has been tried in America 
Wtthsuccess (Seamen, 1944). Dusts have been tried extensC n^ 
are recommended by some worhers as being casi« T n L "t 
appl.cat.on than sprays. Vyvyan (1946a) has summarized the relative 





efficiency of dusts and spraying and the latter is certainly at the moment 
the more suitable method. 

The addition of spreading of wetting agents has been widely used 
m fruit drop sprays, as in the case of fruit setti.ng sprays, To aid 
retention of chemical, oil at the rate on/8 to I per, cent is normally 
used. Compatibilities with fungicides and insecticides have been studied. 
Such combined .sprays might be used for early varieties or as suggested 
by Vyvyan with oil or lime sprays in England to control red spider. It 
is often noted that pest control sprays themselves promote fruit-drop. 
Complete compatibility with lead arsenate has been reported by 
Overholser et al (1943) and Vyvyan and Barlow (1948a) and also with 
sulphur, by the latter ’ authors. The auxins have been found to be 
completely compatible with organic insecticides like DDT (Thompson, 
1952). In this connection the opinion of Audus (1959), that the entry 
of weak auxin acids into plant cells is favoured by acidic and 
greatly retarded by alkaline conditions, need to be kept in mind. 

Time of applmtion. Vyvyan (1946a) has tlioroughly discussed 
the duration of hormone effect and the time of spray application. 
Obviously these two factors are related to the va.rieta| response. There 
are reports that an appreciable reduction in fruit' drop can be ob.served 
only a day after treatment and others have recorded no effect until a 
week. It can be safely stated that maximum effect is reached in about 
5 to 6 days depending upon the weather conditions,^ Timing of the 
sprays has been rightly claimed to contribute largely on the success of 
control of abscission. Vyvyan (1946a) recommended that a close 
observation was needed to calculate as nearly as possible the date on 
which the drop is expected. Spraying should be done before that date. 
This method is particularly recommended in those varieties which tend 
to show sudden fruit-drop just before harvest. In the varieties which, 
are prone to long dropping periods, repeated applications may prove 
useful, There are strong indications that the duration of the effective¬ 
ness of subsequent sprays is very much shorter than that of the first spray, 
a second one applied up to five days after the first giving protection for 
only an additional two days (Batjer and Marth, 1941). Repeated 
sprays can be avoided by using auxins which, exert long, period 
of effectiveness, 2,4,5-TP applied a fortnight before the expected 
commencement of pre-harvest drop at 20 ppm brought about an 
even greater reduction of that drop than either NAA applied when 
dropping commeaiced (Southwick etal, 1953) or two sprays of NAA 
timed to give the best control with that compound (Edgerton and 
Hoffman, 1951). With the variety Delicious, Thompson (1951) found 
. that one spray at 10 ppm of the same chemical caused the fruit to ‘hold’ 
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47 days before harvesting, while in the same variety 2,4-D was insensitive, 

Wscdkr conditions. The weather conditions, immediately after the 
spraying, and conditions over the period extending up to the harvest, 
are two important considerations. Warmer mid-day conditions after 
the spray, gave a good response than cooler days (Batjer, 1942), This 
better response is traced to a more rapid absorption of the auxin at a 
higher temperature, but very hot dry weather conditions will accelerate 
. the evaporation. Rain immediately following sprays is the adverse 
factor and artificial rain experiments by Overholser d al (1943) indicate 
that the first two hours following sprays treatment are critical. 

Effect on fruit quality. There are recorded evidences of the 
effects of auxin sprays on fruit quality. Recent reports of direct 
acceleration of the ripening process and intensification of red skin colour 
caused by pre-harvest sprays, have been made (Smock ci alt 1952), 
1954; White, 1953; Southwick et al, 1953). ■ In the variety ‘McIntosh’, 

2,4,5-T exerts better control on drop than 2,4,5-TP or NAA but has 
very little effect on ripening (Hoffman andEdgerton, 1952). 

Pear. Majority of pear varieties have shown consistently good 
response to auxin sprays in those concentrations as are effective for 
apples (Audus, 1959). . , 

Stone fruit. Slight reductions in drop have been observed in 
plum, but these were not sufficiently marked to recommend spraying as 
an economic proposition, except perhaps in French prune where 

2,4,5-T is particularly effective (Harris and tIanseW 1955), No favour¬ 
able report has so far been made in peach. 

In apricot, interesting results were obtained, The drop in the 
Stewart variety ranges up to 3,0 per cent, and in Tilton variety as much 
as 50 per cent. Crane (1956) succeeded in forestalling this fruit drop 
with 25 ppm 2,4,5-T sprays at the time pit hardening of the fruit begins. 
Five years of experimentation with 2,4,5-T in California has proved that 
the size, of apricots can be increased as much as 40 per cent, that pre¬ 
harvest drop can be eliminated, and that a red blush can be induced on 
the fruit under , certain conditions (Crane, 1956 ; Bradley and Crane, 

imy ' 

In almonds, 2,4-D (10 and 20 ppm) applied when the hulls first 
showsignsofspUtting, delayed fi'uit drop in the variety Peerless’ for as 
long as seven weeks after application with no apparent injury to tree (?r 
fruit (Serr and Forde, 1952). 

Citrus. One of the early, investigations in preventing shedding 
of citrus fruits, was initiated, by Stewart ri al (1947). , These trials were 


conducted in the ‘June drop’ period and negative results were obtained 
with 2,4-D and 2,4,5-T. In a later paper (1947), they reported that 
application of 2,4-D delayed the ‘June drop’ in Washington Navel orange 
without increa.sing the final yield. Stewart and Parker (1948) and Frith 
(1950) observed that sprays of 2,4-D (7 ppm ; 4 to 64 ppm) applied in 
April or June were equally effective in reducing’‘June drop’ in grapefruit 
and Washington Navel oranges. Zaini (1950) also recorded reduced 
fruit d.rop up to 55-60 per cent in mandarin, Randhawa et al (1961) 
found that plant regulator treatments were least effective in arresting ‘June 
drop’, in Jaffa, Pineapple and Mosambi varieties of sweet orange. 

Sweet orange. Jones (1951) found no effect of NAA on the 
drop of Washington Navel oranges, Stewart efo/. (1951) obtained 
complete control in the same variety with 2,4-D. Halse (1952) also re¬ 
ported that 2,4-D was much more effective than NAA and successfully 
combined 2,4-D spray of 8 to, 10 ppm with a copper fungicide. Frith 
(1950) reported a reduction in fruit drop in Washington Navel orange 
by a mixture of 2,4-D with a white oil Bordeaux Mixture used for con¬ 
trol of red scale and black spot. Similarly, Stewart ist a/,-(1951) and 
■Erickson (1951) indicated that 2,4-D was compatible and effective 
when applied in combination with zinc, Davison (1952) reported that 
2,4-D and 2,4,5-T at 20 ppm gave a 60 to 80 per cent reduction in drop. 
A single application of 2,4-D in late autumn before or after fruit drop 
had begun, reduced the loss for periods up to 15 weeks (Davison and 
Gederman, 1951 ; Erickson, 1951). A reduction in drop in Washington 
Navel orange has also been obsei’ved by Eteneau and Praloran (1954) and 
Iwasaki (1956). 

In A^alencia Late, negative results were obtained with 2,4-D and 

2,4,5-T in controlling the pre-harvest drop (Reece and Hormic, 1952 ; 
Iwasaki, 1956). 2,4,5-T and 2,4-D were equally effective.in reducing 
the fruit drop with no apparent injury to mature leaves. In the variety 
Pineapple, Sites (1954) found that 2-methyl 4-chlorophenoxyacetic acid, 
2-methylphenoxy alphabutyric acid and 2-methyl 4-bromophenoxyacetic 
acid did not reduce the drop. Sodium salt of 2,4-D, diethanolamine 
salt of 2,4-D and triethanolamine salt of 2,4,5-TP at 25 ppm significantly 
reduced pre-harvest drop in Pineapple oranges (Reece and Hormic, 
1952). In other varieties also, auxin sprays have been found to be 
effective (Davison and Gedamn, 1951; Stewart, 1952). Investigations 
done at LA.R.I. reveal that 2,4,5-T (30 ppm) was effective in Jaffa and 
Mosambi varieties and in Pineapple variety 2,4-D (15 ppm) was effective 
(Randhawa et al, 1961), when the sprays were done in October. In 
a later experiment, sprays done at full bloom stage were studied and no 
effect was noted in re.spect of June and pre-harvest drops in’the .same 
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three varieties. Only GA at 50 pi-,m in Jaffa ami at 75 pjan in Pineapple 
was effective in significantly reducing the‘June dro])’ (Randhawa and 
Sharraa, 1962], In another expeiiment, where llit; Ghiits of Jaffa 
variety were gi^-en two dippings in jdant regitlator solutions, omj iJi the 
last week of Octol.'er and again two weeks alter, tlu; pa'c-harvest drop 
was significantly reduced in 500 ppm 2,4.D solution f.dlowcd in order bv 
50 ppm 2,4,5 T and 100 ppm 2,4-0 (Randhawa H «/., 1961). 

Other citrus fruits. Similar interesting results havt; been report- 
ed in other citrus fruits al.^n A significant reduction in fruit drop in 
lemons was obtained by 2,4-1) and 2,4,5-! (Stewart and Hield, 1050 > 
Erickson, 1952). Similarly, in grapefruit, sodium and triethanolamine 
saltof2,4-D (Nankivell, 1952; MeAlpin and Merrett, 1949 • HiekI 
and Stewart, 1956) were found effective. In mandarins, NAA was found 
to be favourable (Crcsimanco, 1951). Randhawa td. (1959) found Lnh 
bcrdlic add 2.4.D a„d 2 ^ affmivc in 
sweet hme {Ctinis hmelltouk Tanaka). 

Quality cjjmis. I, wa, noted ihai ,1,,™ 
nty «f •h'; as *nvn l,y fl,o pmiamte of grciin rindhUhiite 

1947, Stewart and Paito, 1948; Stewart, HM; Stewart rt d.. l-f,-)) 
Frmt quality amly,® ,it Itarvrs dtowctl that titero wa« no consk.™ 
difference ,n the ,tereeni.ige of total .teilttl,!,.. soli* |.aw,:e„ s|,,ay„i 
non-sprayed fruits (Stewart and Klota, 1947). But they fand an 
mcreasetn the percentage of rag, rind and a decrease in the 
outage of jmee Irith (1950). ]«, did not observe any redne- 
quality by the smaller concentrations of 2,■Iff) Stewart 

- Part. (1947) noted an inerea.te in the of rniiLLr 3 
and speafic gravity with 2,4-0 treatiiients. Eriebrai (1W| dtLvl - 
corrc ation iMween die concentration of MU in the spray and lotal 
.olub csoh s m die juice. Hield ri at. (19.58) obstxved tltat frttfc ri 
t with gibberelbc aad hajl lower rind lliiclme,ss, Iiiglui amount of ■trid 
anpuice, as compared to control. No marked dillimnee i„ fmi, oTf 
ybyplanl regulator sprays wa.s, however, noted in the i„ve.„ig,!ti:.„: 

dt-op'kitao mnglbontd b^edelTtotrf ! i*' 

2^ppm of NAA or 2,4-0 in water. Kennartliutd 

a< 30 a„d 40 ppm prffck^bil 

drop m Fajrt vartey. registering 22 per cent drop as compared to 52 per 
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cent in the control. 2,4-D (10 ppm) was effective in lowering the drop 
to 28 per cent. Maximum improvement in fruit size occurred at 10 ppm 
of 2,4-D and 20 ppm of NAA. Trials at Saharanpur (Singh, 1960) 
.showed that 15 ppm of NAA and 10 ppm of 2,4-D reduced the fruit 
shedding from 18.89 to 19.39 per cent and 18.00 to 20.79 per cent res¬ 
pectively in Dasehri. In Langra, only 15 ppm 2,4-D was helpful in 
checking the loss to the extent of 23.15,per cent over the control. 
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PHYSIOLOGICAL BASIS FOR BLOSSOM AND FRUIT-THINNING 


CHAPTER IV ■ 

FLOWER THINNING AND CONTROL OF BIENNIAL BEARING 

INTRODUCTION * 

Many fruit trees produce such excessive number of flowers in one 
year that substaining large number of fruits exhaust the trees partially or j: 

completely. Therefore, the trees fail to form new flower buds for the 1: 

subsequent crop. The trees thus become biennial in their bearing .. j . 
habit, producing excessive number of blossoms in one year (‘on’ year) I: 

and few’or none the next year (‘off’ year). To alleviate the .situation, fr 

growers have, in the past, followed thinning of flowers or young fruits f 

by hand. This tedious and expensive practice has, however, many {, 

disadvantages. Hand-thinning represents a major item in the cost of j 

production in many fruit sections. As a cheaper and more rapid method 
than hand-thinning, chemical-thinning during the bloom period has 
received considerable attention. Besides being expensive, hand-thin- J 

ning' must be completed approximately three weeks after bloom in J) 

biennial bearing apples, for the primordiaare initiated approximately i 

three weeks after petal fall in mature trees. f 

Another need for thinning is the reduction 'of heavy fruit crops to 
aid in effective insect and disease control and to increase fruit size and 
quality. When excessive numbers of fruits are set on a tree, it may f 

become difficult to obtain complete coverage of the fruit and foliage 
with sprays and the fruits harvested are small in size and relatively 
poor in quality. Excessive set may also cause damage to the 
trees as the fruits enlarge and weigh, the branches hang down and 
some may actually break. 

Thinning of the flowers is considered to be more effective than thin- . . ' 
ning of the fr’uits as it save.s the food materials used in growth and deve¬ 
lopment of fruits. But it is a much safer practice to thin after the 
natural drop is complete, otherwise the total thinning may be more 
than,is actually desired. Very encouraging results have been achieved, 
at least with heavy-setting apple varieties, by chemical-thinning, ’ ,■ 

Auchter and Roberts (1935) w'ere the first to demonstrate that chemi- :i'V; 
cal sprays could be used effectively to thin apple flowers, Consequently 
the toxic substances such as phenols and cresols were also used to kill 
off some of the blossoms. Burkholder and McCown (1941) were the first : '1, 
to find that an auxin such as NAA could be effectively used to thin, 
flowers, 

■3B. : .frvv 


The thinning of flowers and fruits by auxins appears to be a func¬ 
tion of three physiological factors. These are (a) checking natural 
pollination, (bi aljortion of young embryos, and (c) forcing abscission . 
directly by alteration of the auxin gradient at the abscission zone. 

Prevention of Natural Pollination. Evidence has accumulated 
to show that auxins may alter the germination and growth of pollen 
(Addicott, 1943 ; Luckwill, 1953). Blower-thinning materials, such as 
cresols and phenols, obtain their greatest effects through a toxic action 
on opened unset flowers (Shepard, 1939), For this reason, they are prin¬ 
cipally effective only until fruit set has taken place. An advantage of 
auxin, as a thinning agent, is that there are other physiological means 
l;)y which auxin may act as well 

Abortion of Embryos. The capacity of auxins to cause the abor ¬ 
tion of embryos in young fruits was first demonstrated by Swanson d d. 
(1949) in Tradescantia fruits. According to Murneek (1952), the abs- 
cissed fruits of apple contained aborted embryos, whereas the fruits 
remaining on the tree contained a large proportion of normal embryos. 
The endosperm showed the most conspicuous deterioration in the abs- 
cissed fruits. Murneek (1952) , proposed that the thinning action was 
a consequence of the abortion of the endosperm or perhaps of the inhi¬ 
bition of normal embryo growth (Murneek and Teubner, 1953). The. 
endosperm tissue is the principal source of auxin to the young apple 
fruit (Luckwill, 1948), and deprived of its auxin supply, the fruits are 
expected to abscise. 

Direct Abscission Control. The two thinning mechanisms descri¬ 
bed above are each probably effective through interference with the 
auxin production in the flower or fruit. It is well Imown that abscission 
can be obtained either by lowering of the auxin supply distal to the 
abscission zone or by supplementing the auxin supply proximal to the 
abscission zone. Evidence has shown that a third thinning effect of 
auxin involves supplementing the proximal auxin supply. Hartman 
(1952) suggested that auxin application may tlrin olive fruits by 
altering the auxins gradient across the aljscission zone. Auxins 
are ineffective for thinning, of peach, flowers in the absence of foliage. 
Approximately 2 or 3 weeks after bloom, when the foliage has develop¬ 
ed on peech trees, auxin . sprays can be effectively used to thin fruits. 
Struckmeyer and Roberts (1950j have proposed that auxins thin flower’s 
by causing an excessive number of flowers to set fruit, resulting in 
such a , competition for nutrients for ,,growth between the young fruits 
that many of them are forced to abscise for lack of such nutrients, 
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CHEMICALS, THEIR CONCENTRATION AND TIME OF APPLICATION 

Tke nature, concentration and timing of chemical spraying con¬ 
siderably influence the effectiveness. Very few experiments have been 
published, giving information on comparative effects of extensive ranges 
of concentration, but experiments using small concentration ranges 
indicate that the response is usually quantitative. The timing of auxin 
thinning sprays is much les.s crucial than the timing of caustic sprays, 
The caustic sprays may be applied effectively only during the blossom 
period and after some fruit set has occurred, whereas auxins sprays may 
be effective for four weeks after bloom. 

Following the work of Murneek (1950J, it was established that two 
type.s of compounds could be most commonly used ; (a) dinitro com¬ 
pounds (DNC) in liquid or powder form as flower thinning sprays, 
and (b) NAA lor fruit thinning. 

The tentative recommendation given by him was the use of NAA 
at 20 ppm. Fisher (1953) obtained effecthe re.sult.s on chemical thin¬ 
ning of apricots with the use of dinitro compound.s. Abbott (1954) 
strongly recommended the use of NAA for thinning different fruits. 

In a comparison of low volume and ,normal powder spraying with 
DNC for blossom thinning of apples. Flouter (1952) got good results 
with both the methods, but recommended the use of higher concentra¬ 
tions with the low volume machines in apple, Thompson (1954) obtain¬ 
ed encouraging results with 25 to 60 ppm of naphthaleneacetamide in 
Jonathan and Stayman apples. 

The relationship between spray concentrations and thinning effect 
was found to be approximately logarithmic l^y Abbott (1954), by use of 
NAA sprays at 2,5,10,25,50 and 100 ppm at 8 or 9 days after petal fall 
on Early Victoria, Lave’s Prince Albert and Laxton’s Superb apples. 
Hoffman (1954) recommended the use of a product containing naphtha¬ 
leneacetamide for commercial use as an apple thinning agent, The 
amide was closely related to NAA but his trials showed that it was a 
milder thinning agent and softer to use under many, conditions. 
Tenemhaum (1954) noted tffe beneficial effect of a-NAA at 20 ppm on 
Gravestein and Reive des Reinettes apple trees just after full bloom. 
From results of trials carried out during 1951-54, Ploffman, Edgerton 
and Fisher concluded that the amide was more moderate in its thinning 
effect than the acid, in spite of the fact that it was reepuired in higher 
concentration, Wurgler and Aubert (1955) aprpliedS g NAA in 100 
litres on Golden Delicious trees and obtained better results compared to 
3 g/100 litres concentration. NAA was aprplied 10 days after petal fall. 


j According to Davison (1955), thinning sprays of DNC and NAA on 

I Sturmer apple were most effective. Moreover, nials throughout New 

I South Wales, published in 1955, had shown that a single spray of 10 ppm 

j NAA, applied at petal fall, effectively thinned Delicious, Jonathan and 

Granny Smith apiples. Richards (1956) recommended satisfactory use of 
MCPA and NAA for thinning twelve varieties of Tasmanian apoples. 
Kasahara and Oguro (1956) observed that the use of 10 ppm NAA, one 
week after full bloom, gave very encouraging results on /.merican Sum¬ 
mer Pearmain and Jonathan apples. Harley et al. (1957) indicat¬ 
ed that in frost-affected apple orchards in bloom, lea'’ ab,sorption of 
NAA was highly increased, Hence, its concentration could be reduc¬ 
ed. Southwich and Weeks (1957) presented data from 15-year-old 
apple trees and indicated that NAA amide was a safer and milder thin¬ 
ning material than NAA. NAA might be necessary on , certain varieties 
subjected to excessive cross-pollination, According to Horsefall and 
Moore (1957), addition of a detergent (Tween 20) to NAA sprays enabl- 
ed even the reduced concentration to be effective in thinning Golden 
i Delicious, when applied 17-21 days after full bloom, Thinning of 

i Halehaven peaches was also successlul when applied 35-48 days after 

;? full bloom, Abbott (1957) applied aqueous sprays of 25 and 50 ppm of 

, I naphthaleneacetamide to branches of Miller’s Seedling, Lord Lam- 

hourne. Prince Albert and Laxton’s Superb apple varieties 2-4 days 
after petal fall. All varieties gave encouraging results and Laxton’s 
, Superb and Miller’s Seedling were the least, and Crawley Beauty and 

^ I I.ane’s Prince Albert the most responded to this treatment. Fernquiet 

(1957) observed that sprays of NAA (20—30 ppm) were generally success¬ 
ful with Cox, but were less satisfactory with other apple varieties. 

Verner and Del (1949) used Elgetol on peaches for thinning and 
noted some promising results over two years, but the results, particularly 
I between different varieties, were too variable to make any specific recom- 

j mendations pos,sible He also mentioned the succe.ssful use of NAA 

sprays on Elberta peach in Missourie. Peach blossom thinning trials 
. I with Elgetol sprays (20 per cent sodium-di-nitro-ortho-cresol) gave very 

variable results. A relative humidity of 85 per cent or .more with tem¬ 
perature below lO^C was found to be needed for satisfactory thinning. 
Kelley (1953) found application of growth substances most effective 
when applied two weeks after shuck fall. This drop was due to excessive 
, ‘June drop’. Ronzoni (1954) presented an account of experiments on the 
: i fruit-thinning of peaches by spraying with 24 per cent DNC at full bloom 

I to kill the stigmas, followed by hand-thinning after 7-9 M'eeks. In the self- 

fertile mid-season varieties Gaillard 2 and Anna di Balducci, the treat- 
j ments were successful, Again, Kelley (1954) noted from te,sts on Elberta 

^ and Halehaven peaches that the best time to apply thinning sprays was 
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two weeks after shuck-off stage. NAA formulations seemed to be the 
safest spray material, whereas naphthyl acetamide was ineffective 
Lalatta (1957) observed that early fruit-thinning of S. Anna di Balducci 
peaches was strikingly more successful than late thinning in giving high 
quality fruit and improving production. 

Harris and Smith (1957) presented the data indicating that the nut 
crops of the Moore pecan could be thinned effectively by spraying with 
MH, 2,4,5-T or 4-GPA. They also obtained encouraging results for thin¬ 
ning of Californian Olive orchards with NAA. 

METHODS OF TREATMENT 

Apple. Davidson et al (1945) used sodium salt of NAA >(0.002 per 
cent) at full bloom. The yield of Baldwin was reduced by 60 per cent. 
Flory and Moore (1947) and Kenworthy (1947) reported promising re¬ 
sults from a complicated compound, when applied after the natural drop 
of the blossoms. 

Blommaert (1954) reported significant results in Golden Delicious 
apple with NAA and NAA mide. NAA applied at 30-50 ppm, I to 2 
weeks after full bloom, gave 39-45:per cent reduction in fruit set. NAA- 
mide also gave similar results. 

Results of various investigations in this field are summarized below. 

ReDTJCINGI- B'mJIT-S.ET M WBUL-KNOWIT VABIBTIIS OF APPMS BY USE 


OF AUXINS 


Variety 

Compound employed 

Investigators 

Results 

Newtown 

NAAmide 40-50 ppm 

Lilleland and Koch 
(1958) 

Application at 

70 per cent 
petal fall gave 
satisfactory 
results. 

Golden Deli- 

NAA+Tween 20 (a 

Horsefall and Moore 

Application 17 

clous 

detergent) 

(1957) 

Harley and Moore 
(1957) 

to 21 days, 
after full bloom 
gave signifi¬ 
cant results. 

Miller’s Seedling, 
Crawley Beauty, 
Laxton’s Superb 

NAAmide 25-50 
ppm , 

Abbott (1957) 

Applied two to 
four days after 
petal fall; 40'' 

60 per cent 
thinning. 

McIntosh, Deli¬ 
cious and Nor¬ 
thern Spy 

NAA 10-20 ppm 

Blair (1952) 

Sprayed at or 
soon after the 
calyx stage ga ve 
significant re¬ 
sults. 


McIntosh, Deli- NAA 10 ppm 
cions and Nor¬ 
thern Spy 
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Mitchell (1952) Applied after 
full bloom ; 
good thinning 
was obtained. 

Baldwin, Yellow NAA 20 ppm ” " 

transparent, Weal¬ 
thy and Golden 
Delicious 

Jonathan and Deli- NAA 10 ppm or Brough (1951) Spraying at or 
cions , DNC 0,2 to 0.4 just after full 


per cent bloom gave 

promising re¬ 
sults,. 



Several other investigators, like Struckmeyer (1951), Batjer (1952), 
.Richards (1956), Southwick and Weeks'(1952), etc., have suggested use 
of different chemicals, depending upon the age and vigour of a species or 
a variety of the fruits. Hoffman (1954) suggests the use of a product con¬ 
taining NAAmide commercially to thin apples. 

Peach, Hibbard and Murneek (1950) suggested the use of NAA 
and NAAmide at 20 ppm 4 to 5 weeks after full bloom. Danger (1952) 
reported that the fruit of several peach varietie.s was reduced by maleic 
hydrazide (MH) at 500 ppm or above, Lalatta (1954)j recommends the 
use of DNO sprays (0.15 percent sandolina) at 70 per cent bloom. 
Horsefall and Moore (1957) suggested addition of a detergent (Tween 20) 
to NAA spray, as it reduces the concentration requmed for effective 
thinning in Halehaven peach. In the self-sterile J.H. Hale peach variety, 
chemical thinning has proved to be unsatisfactory, and the best time for 
hand-thinning is after the ‘June drop’ (Ronzoni, 1954). 

Pear. Anjou, Hardy and Winter Nelis varieties have been 
.successfully thinned with 100 ppm 2-4 TP (DeTar et al, 1950 ; Batjer 
and Uota, 1951). 

Richards (1956) tried MCPA and NAA for thinning some pear 
varieties and found NAA to be more satisfactory. 

Other Fruits. Some very interesting results have been obtained 
in thinning of olive (Hartmann, 1952). If NAA is applied to the 
flowers, too much thinning results, but resistance to the. auxin builds np 
at the young, fruits begin growth. Use of 125 mg/1 NAA with a light oil 
in the spray had good thinning effect after the fruits had grown 3. to 5 
mm in diameter.,, 

Vrijhof and Oele (1951) suggested the use of 0.04 to 0.05 per cent 

to 30 to 
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50 per cent of the normal with 0,5 and 0,2 per cent Elgetol ,solution,s 
applied in a compressed air sprayer (Dodge, 1944). Erickson and 
Richards (1955) advocated the use of 2,4-D (16-20 ppm) to reduce the 
fruit set in Valencia orange. 

CONTROL OF BIENNIAL BEARING HABITS BY CHEMICAL SPRAYS 

Many of our fruits of commercial value are prone to alternate 
bearing, ■ Apart from apple, pear, peach and plum, other fruits like, 
mango and some citrus species are apt to bear alternately or irregularly. 
The most striking use of thinning .sprays is in the control of biennial 
bearing. 

Not much work has been reported regarding, the use of chemical 
sprays in mango and citrus, but some interesting findings have been 
reported in apple and some other temperate fruits. Heavy Itearing 
apple varieties such as Wealthy, York Imperial, Yellow Transparent 
and Golden Delicious, if adequately thimied in the‘on’year) give a 
full commercial crop in the succeeding ‘olf* years (Hoffraan and Geluewe, 
194S). • One set, of experiments is described by Batjer and .Thompson 
(1948), in which DNO sprays were applied at full bloom, Murneek 
(1944) suggests the use of DNO sprays at 1-2 per cent. Hemphill 
(1954), however, reports good thinning without damage to the foliage 
Irom spraying with 25 to 60 ppm of Naphtheleneacetamide at the petal 
fall stage, Longley (1954) reports that biennial bearing habit was 
broken in the McIntosh apple by spraying with 25 ppm NAA three 
weeks after full bloom, Edgerton and Hoffman (1955) .siiggc.st that N-I 
naphthalenethalamic, acid (NPA) may prove better than DNO sprays 
for peaches. 

FACTORS AFFECTING THE SUCCESS OF CHEMICAL SPRAYS 
Physiological Factors 

Vigour of the tree. Large husky spurs are more rcsi.stant to thinning 
sprays than the small weaker spurs (Murneek, 1950). The limlw which 
are healthy and vigorous in growth are more resistant to these sprays, 
whereas trees or limbs weakened by disease, like fire blight or by insect 
damage, are more susceptible to thinning sprays (Leopold, 1955). 
Lower concentrations can, therefore, be effectively used on devitalized 
and imhealtliy trees. 

More vigorous plants generally .set a larger proportion of fruit, .so 
relatively higher concentrations of chemicals need to be used. More 
vigorous trees have also been found to be more resistant to leaf injury 
by auxin sprays (Leopold, 1955). 


Nitrogen level Nitrogen - level also influences abscission and thin¬ 
ning. Plants relatively rich in nitrogen generally shed fewer fruits by 
natural drop, and are more difficult to thin with auxin (Burkholder’s 
unpublished work ; cf, Leopold, 1955). 

Age of the fruit at the time of spraying. Peaches become more sus¬ 
ceptible to thinning sprays tliree weeks after full bloom, but apples 
become more resistant after two weeks. After the apple fruits have 
reached the age of 4 to 6 weeks, the large amount of natural abscission 
‘June drop’ is completed and after that even high concentrations of auxins 
are ineffective (Southwick and Weeks, 1950). ' Hartmann (1952) found 
no significant effect of auxins, when used for thinning olives, after the 
natural drop had occurred. Batjer and Thompson (1948) reported that 
auxin applications selectively thin the fruits on week or small spurs. 

The fruit thinning action of auxin sprays brings about an increased 
fruit size. Liickwill (1953) studied thes relationship between the thin¬ 
ning action and fruit size with respect to the time of application of the 
spray. The most effective thinning and greatest fruit size in apple 
were obtained when the spray was applied at petal fall. Applications 
later than this caused rapid decline in fruit size. 

Edgerton and Hoffman (1952) observed that thinning of fruits gave 
increased winter hardiness to trees in the succeeding winter season. 

Environmental Factors 

Temperature exerts a strong influence on the shedding of flowers 
and fruits naturally as well as in response to auxin sprays (Leopold, 
1955). The flowers of many species of plants are shed at com¬ 
paratively high temperatures. Lu and Roberts (1952) observed 
shedding of flowers in apple at 2ff-24®0 than at 13°-more IG^C. 
Too low (near freezing) temperatures also cause excessive drop of , 
young apples, Temperature not only alter the need for auxin sprays, 
but effectiveness of spray treatment is also effected at the same time 
(Leopold, 1955). 

EFFECT ON FRUIT-SET, YIELD AND QUALITY OF FRUIT 

Every fruit grower is interested in yield and production of high 
quality |uits' from his orchards. Blossoms and fruit thinning 
generally improved the yield and quality of fruits. Gardner et al 
(1939) recorded the failure of petal fall sprays of NAA and amide to 
improve the set on several apple varieties, but made no mention of 
any decrease in set. To increase the set of Starking apples, Burkholder 
and McCown (1941) sprayed halves of trees during the bloom with 
NAA at 10 and 50 ppm and amide at 50 ppm. The two concentra¬ 
tions of NAA reduced the number of cluster setting fruits by 15 and 77 
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per cent respectively, while the amide at 50 ppm resulted in a reduc¬ 
tion of 34 per cent. In studying the effect of growth regulators on the 
set of Stacking apple, Greene (1943) used NAA sprays at 10,50 and 100 
ppm. The fruit set was reduced in all cases, with the greater reduc¬ 
tion occurring at the higher concentrations. Abbott (1953) noted a 
reduction in fruit set in Miller’s Seedling and Edward VII apple, 
when sprayed with NAA 8 days after petal fall. Lalatta (1954) report¬ 
ed that flower thinning with DNO sprays effectively reduced fruit set 
on S. Anna Balducci peach tree. Blommaert (1954) confirmed the 
reduction as 39 per cent and 45 per cent in Golden Delicious when 
sprayed with NAA at 30 to 50 ppm. In the later stages of apple embryo 
development, abortion or inhibition of the embryo could be secured 
without an accompanying abscission of apples (Teubner and Murneelc, 
1955). Synthetic growth regulators applied during early fruit develop¬ 
ment in apples could, among other effects, delay the abscission of the 
second drop which was otherwise unaffected by the treatment, 

Many ornamental ti’ees set fruits that are objectionable, because of 
the unsightly litter produced when they fall to the ground. Miller and 
ErsIdne (1949), working in Ohio, had experimented with NAA sprays 
for the purpose of defruiting Horse Chestnut, Catalpa, European ash, 
Honey locust and Eastern poplar. Results indicated that these trees 
could be effectively devoid of fruit set with NAA spray applied during 
the bloom period. 

More recently, MH was fopnd effective in blossom and fruit re¬ 
moval from peach tree when applied at 6,000 ppm in the early pre¬ 
pink stage (Batjer, 1954). 

On the basis of studies made by Abbott (1954), the size of market¬ 
able crop was reduced in Early Victoria, Lane’s Prince Albert rnd 
Laxton’s Superb apple varieties when sprayed, with NAA at 2, 5, 10, 
25,50 and 200 ppm. He recommended the use of NAA as a post¬ 
blossom thinning agent. Abbott, (1954) further observed that fruit 
ripening was accelerated by 2,4,5-TP spray when applied to Pearman 
at 40 ppm at 6 and 7 weeks before the normal picking date. Accord¬ 
ing to Ronzoni (1954), the application of 20 per cent DNO at full 
bloom in self-fertile Gaillard 2 and Anna di Balducci peaches greatly 
reduced the number of fruits and increased their size. The size of the 
fruit was improved in Gravestein and Reine apples by 20,-ppm NAA 
sprays after full bloom (Tenemhaum, 1954). Longley (1954) reported 
increase in yield of several apple varieties by application of NAA at 
25,ppm three weeks after full bloom. Davison (1955) noted increase 
in size of fruits in Jonathan when sprayed witlr DNG and NAA. 
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Higdon and Grim (1956) observed that undersized fruits at thinning 
time rarely become large by harvest time in Bartlett pear. Further, 
he reported one-third increased yield in large-sized fruits. Carbamate 
sprays had induced early fruit ripening in peaches as indicated by 
Horsefall and Moore (1957). According to Harris (1957), thinning 
between 60 to 90 fruits of Wight Cling peach produced same yield as 
when the fruits were not thinned. However, the quality of fruits from 
thinned trees was greatly improved. Thinning to 30 fruits per inch of 
butt circumference reduced both the total yield and the yield of 
canning quality fruit. Lalatta (1957) thinned the fruits of Durello and 
Rosa Mantonana apples with DNG and reported an increase in fruit 
size to an extent which practically compensated in total yield for reduc¬ 
tion in number, improved fruit colour and gave satisfactory flower 
production in the following year. Uriu et al (1958) indicated after a 
commercial-scale trial of naphthylacetamide at 40-50 ppm,at 70 per cent 
petal fall, that there was significant increase in fruit size which ultima¬ 
tely increased profits. 



CHAPTER V 



HERBICIDAL ACTION OF PLANT GROWTH REGULATORS 
INTRODUCTION 

The idea of the use of auxins as herbicides was first given by Kraus 
of the U,S,A. and Slade et al. of England in 1940-41, They suggested 
that the growth regulators, which when present in plants in very minute 
quantities, accelerate the growth and may prove to be fatal' to some 
plants when applied in higher concentrations. In 1945, they published 
their work with k-NAA, which when applied at the rate of 28 kg/ha to 
oats weedy with yellow charlock {Brassica simpis) killed the later without 
injuring oats to any great extent. This seems to be the first instance in 
which an auxin was used as a selective weed killer. 

This discovery resulted in an effort to search plant growth regulators 
more active than cc-NAA, Simultaneous efforts of Slade et al. (1945) at 
Jealotts Hill Research Station in England and Zimmerman and Hit¬ 
chcock (1942) in the U.S.A. revealed that substituted phenoxyacetic 
acids, namely 2,4-Dichlorophenoxyacetic acid (2,4-D) and 2-Methyl'4- 
chlorophenoxyacetic acid (MGPA) were important for their* selective 
herbicidal activity. Field trials with these chemicals were first con¬ 
ducted in 1943-44 by Slade eU/. in England and Hammer and Tukey 
(1954) in the U.S.A, Thereafter, numerous investigators started using 
these and similar compounds to determine their herbicidal effects. 

By substitution of various groups in phenol ring structure different 
phenoxy growth regulators have been obtained and screened for weed 
control, which can be classified as under: . 

1. Phenoxyacetic acids 

(i) 2,4-D (2,4-Dichlorophenoxyacetic acid) 
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(ii) MGPA (2-Methyl-4-chlorophenoxyacetic acid) 



(iii) 2,4,5-T (2,4,5-Trichlorophenoxyacetic acid) 



These three compounds are the original and still the most useful 
herbicides which have been adequately reviewed (Blackman el al, 1951 , 
Norman et al, 1950), Agronomic studies in many parts of the 
world have demonstrated their usefulness for weed control in a number 
of crops. 

2. Phenoxybutyric acids 

■* 

(i) 4-(2,4-DB) (alpha 2,4-Dichlorophenoxybutyric add) 



(11) 4-(MCPB) (alpha 4-chloro-2 Methylphenoxybutyrm add) 

(iii) 4-(2,4,5-TB) (alpha 2,4 5-Trichlorophenoxybutyric acid) 

Vihrk on these compounds has been reviewed by Muir and Hansch 
(1955). 4-(2,4-DB) and 4-(MGPB) possess a different type of selectivity 
which enables them to be used in legumes where acetic derivatives are 
toxic to these crops (Frayer and Evans, 1956). 
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3. Phenoxypropionic acids 

(i) 2-(2,4-DP) (alpha 2,4-Dichlorophenoxypropionic acid) 



(ii) 2-(2,4,5-TP) (alpha, 2,4,5-Trichlorophenoxypropionic acid) 

(iii) 2-(MCPP) (alpha 4-chloro-2 Methyl-phenoxypropionic acid 

Out of the many phenoxypropionic acids, only these are commer¬ 
cially used, MGPP kills many weeds that are resistant to MGPA or 
2,4-D and is less toxic to cereals. 2.4,5'TP is as toxic as 2,4,5-T 
but is particularly less toxic to cotton (Zimmerman and Plitchcock, 
1948). 

4. Benzoic acids ■ 

2,3,6-TBA or (2,3,6-Trichlorobenzoic acid). 

Out of the many benzoic acids, this is found to be the most useful. 
In monocots, it effects the nodal meristem often causing a weakness that 
results in lodging, while in dicots apical meristems are often completely 
inhibited and although the plant is incapable of growth, it . does not 
die. 

5. Others 

In addition to the above-mentioned growth regulators, which are 
in common use as herbicides, there are many more which are under 
trial A few of the most promising ones are: (i) Phenoxythioacetic 
acid, (ii) 4-Fluro and 4-Bromophenoxyacetic acids, and (iii) 2-6 phen- 
oxyalkyl carboxylic acid. , 

PHYSIOLOGY OF HERBICIDAL ACTION OF AUXINS 

Most of the work on this aspect has been done with 2,4-D and, 
therefore, results given below are mostly applicable to this auxin unless 
otherwise started. 

Absorption, Translocation and Accumulation. Auxin her¬ 
bicides, unlike other herbicides, must enter, the plants and get trans¬ 
located for bringing about death of the complete plant by altering its 
growth processes. ‘ 


' Bear (1944) stated that it is not brown how or in what form 

the plant growth regulators that he used (substituted phenoxy com- 
pounds) entered the plant but Wood d fl/, (1947) stated that th§ plant 
growth regulators (radioactive 2-iodo-3-nitro benzoic acid) appeared to 
enter the plant in molecular form and are translocated as such. 
Weaver and De Rose (1946) showed that stomata did not appear to be 
; important portals of entry of these compounds and that they aix absorbed 

through the cuticle selectivity, the mechanism of which is not yet fully 
understood. On the other hand, Skoss (1955) found no movement of 
water-soluble 2,4-D through isolated cuticle devoid of stomata. He 
indicates that herbicides dissolved in aqueous carriers enter primarily 
! through the stomata and only oils diffuse tlirough the cuticle. 

Passing through the cuticle these compounds enter the living cells— 
the mesophylls. I'he non-hormone herbicides kill these mesophyll cells but 
the hormone type compounds pass tlrrough the mesophylls and ai’e released 
. into the phloem vessels for translocation to the distant parts including 
* the roots (Crafts, 1953). It is this feature of the auxins, like 2,4-D, 

i which enables them to produce an effect on deep roots (Bakke 1944). 

There is a growing evidence that 2,4-D and possibly other plant regu¬ 
lators travel from leaves tow'ards other parts of the plants ■ in close 
association with the leaf synthesized food material-—the carbohydrates—in 
the assimilate sneams which is confined probably to the phloem (Barrens 
and Grigsby, 1945; Crafts, 1953; , Weaver and De Rose, 1946). 
Finally, they get accumulated in regions of utilization in toxic amounts, 

These compounds are not only absorbed and translocated through 
the leaves but they also enter the roots and are pumped in along the 
translocation stream through the non-living cells, the xylem vessels, to 
the various parts of shoots where again they accumulate and bring about 
injury or death of the plant (Henderson al, 1954). 

Possible Mechanisms of Toxication. These are described 
' below. 

' Histological changes. Swanson (1945) stated that meristeihatic tissues 

and those capable of reverting to the meristematic state are most readily 
affected by 2,4-D and that the eflfect of the compoundls systematic in 
nature. Accordingly, cambium and phloem parenchyma are very sensi¬ 
tive tissues. Tukey (1945), working with beans, found that 2,4-D 
in herbicidal concentrations increased cell division, enlargement and 
proliferation of cambium and phloem region around the xylem vessels 
which caused dislocation of food channels. The translocation of food 
: is thus checked which possibly results in death of the plant. 

' )/. ... 

i,. Respiration.' Associated with increased cell division .following appli- 
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catioa of 2,4-D, is an increase in respiration rate which results in increas¬ 
ed consumption of carbohydrates (Brown, 1946 ; Mitchell and Brown. 
1945 ; .Rasmussen, 1947 ; Smith et al, 1947). It is not, however, yet 
clear whether auxins act directly on respiratory mechanism or via its 
effect on growth. There is a view that it is an indirect result of stimu* 
lation of some energy requiring process (French and Beevers, 1953). 
However, the relationship between 2,4-D action and increased rate of 
respiration is well established (Sko.ss, 1955). According to Taylor (1946) 
exhaustion of plant by increased rate of respiration may not Ire the only 
reason for such a high herbicidal effect 

Photosynthesis, 2,4-D, when applied to soil or leaves (Bradbury and 
Ennes, 1952), causes the stomata of many plants to close down and the 
effect is proportional to the dose applied. Maciigewska (cf. Tukey, 1950) 
believes the closure of stomata to, be associated with a decrease in phos- 
phorylase and amylase enzymes of the .stomatal cells due to a reduction 
in carbohydrate content, Working wuth radioactive carbon dioxide 
(C^^iOj), Freeland (1950) found that 2,4-D inhibits 00^ assimilation or 
photosynthesis. Depletion of chlorophylls accompanied by chlorosis, has 
also been reported (Mitchell and Brown, 1945). As amino acids for¬ 
mation in leaves is connected with photosynthesis, the former must also 
be affected. The result of all this is a breakdown of plant food manu¬ 
facture. Contrary to this. Smith et al (1947) working with potato show¬ 
ed that 2,4-D caused no reduction in sugar content of tubers. Accord¬ 
ing to him, adequate proof that 2,4-D does act on respiratory mechanism 
is still lacking. 

Uptake of nutrients. Inhibition of mineral uptake following applica¬ 
tion of auxin herbicides has been reported. It may be a direct effect of 
2,4-D on nutrient , absorption or in indirect effect by way of checked 
growth. However, in bean plants sprayed with 2,4-D absorbed much 
higher quantities of potash during first 8-10 hoiu’S which was followed 
after 24 hours by a marked decrease. This initial increase in nutrient 
uptake may be due to the initial increase in respiratory rate. I'hat 
auxins may kill the .plants by interference with potash metabolism has 
also been opined by Rhodes (1950). 

Production of toxic substances, va.n Overbeek eha/. (1951) suggested 
that the herbicidal killings may be due to the production of toxic subs, 
tances through abnormal metabolism induced by the presence of 
large amounts of auxins, Fults and Johanson (1950) found an increas¬ 
ed content of scopoletin—a coumarin derivative which is toxic to plants. 
Hydrolysis of proteins /and, subsequent increase of fruit amino acids 
in plants, which may be toxic to plant tissues, have been, observed by 
Sell (1949). Skoog (1951) suggested an increa,sed release of free 


native bound auxins by 2,4-D treatments, which may cause physiolo¬ 
gical and morphological disturbances. 

Vitamins and enzymes. 2,4-D also effects vitamins content of plants. 
An increase in ‘thiamin’ and ‘riboflavin’ and decrease in ‘carotene’ 
intent of kidney bean has been reported byLuecke e/a/. (1949). It 
is, however, unlikely that any of the recorded effect on enzymes alone 
could be responsible for the growth-regulating properties of the auxins. 

Actmtion of phosphatase system. 2,4-D, after combining with suitable 
proteins may stimulate the liberation of inorganic phosphates from 
phosphorylated compounds with a subsequent release of energy greater 
in quantity than that produced by natural auxins (Bounder and Bandur- 
ski, 1952). Loustalot et al. (1953) who observed release of large 
amounts of inorganic pho.sphates in bean plants due to lethal action 
of 2,4-D .support such views. The exaggerated energy release may 
hamper the, auxidative process of synthesis which cannot compete 
with the available hydrogen acceptors are, therefore, gradually inhibi¬ 
ted. This theory might explain why toxic action of 2,4-D is slow 
and why this compound increases respiration, starch hydrolysis and 
depletion of food reserves, while at the same time growth process is 
inhibited. 

It is finally concluded that herbicidal action is a combination of 
several of these functions or other functions yet to be discovered and 
which may differ from one set of conditions to the other. 

Formative Effects of Toxicalion, After the application of 2,4-D 
to plants, it may take from few hours to a few days when the formative 
effects become visible (Watson, 1948), Growth of the plant is arrested, 
the stem and leaves get twisted and contorted and stem thickens and 
often splits, The foliage changes in size, shape and colour. Forma¬ 
tion of adventitious roots is common. Also the roots may be swollen 
and often they get split up >and put to fungal and bacterial attack. 
Finally, the plant dies. The death o( the underground parts will, depend 
upon the degree of translocation of the herbicide concerned, , These 
formative effects may be seen in relatively, short time but the plant 
may not die until two or three weeks after the treatment (Hammer and 
Tukey, 1954 ; Mitchell and Brown, 1947). 

Mode of Selection Action. One of the most important properties 
■of auxin herbicides is their mode of selectivity, They have the capacity, 
to injure or kill only certain species of plants leaving the others un¬ 
harmed. This selective action of auxins does not depend only upon 
morphological differences in plant species, but a characteristic biologica,! 
mechani.sm may also be evolved which is yet only partially understood. 
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It is obvious that auxin herbicides enter into the plant and get trans- | 

located before they can alter plant growth. Accordingly, the nature and 4 

thickness of the cuticle and the formulations of the chemicals (acids, 
salts, esters) may be the factors. The structure and chemistry of the 
plant cuticle in relation to the entry of auxins has been reviewed in detail 
by van Overbeek (1952). Cuticle which itself is oily in nature allows a 
much easier and quicker penetration of esters dissolved in oils than salt 
formulations. Roots, on the other hand,, do not probably make such a | 

distinction because of the absence of the cuticle on them (Grafts, 1953). | 

This explains why although aerial portions of monocot crops like sugar- | 

cane are comparatively resistant to 2,4-D, their roots are very sensi- | 

tive to it. , i 

, The absorption and translocation of radioactive 2,4-D 'was much j 

slower in mohocots than in dicots (Crafts, 1953)., The authors postu- '' ( 

lated a block in intercellary meristems on monocot leaves, But anatomi- ' 

cally such a block 'has not been demonstrated, Mitchell and Brown 
(1946) using been (dicot) and oats (monocot), plants concluded that the 
differences in sensitivity of these two types of plants could not be account- ' 

ed for on the basis of differences in absorption, translocation or aceumu- ‘ 

lation of growth regulators, since with equal concentration of these in the 
young leaves of bean and oats, the growth of the former was greatly re- ( 

duced but that of the latter was not affected. 

Biological resistance of various plant cells apinst different auxins ^ 

has also been considered. Such protoplasmic resistance may be due to y 

factors like the electrical charge of the protoplasm which determines y 

whether a particle is, , attracted or repelled, the acidity of the sap I 

(Hammer and Tukey, 1954), and the nature of the proteins in the proto- y 

plasm (Rasmussen, 1947) which vary to a considerable extent within ' f 

plant species, • 

The selectivity of auxins against monocots and dicots may beac- 
counted for on the basis that in dicots potential carabial layers are 
abundant and are generally in a ring like pattern close to the phloem ■ : 

cells (Struckraeyer, 1951), Presumably, proliferation of these weakly i 

differentiated cells by auxins would destroy the phloem system and sub¬ 
sequently the translocation of food, In monocots, cambium being absent ^ 

and the meristematic tissues being much less, no such disturbance occurs. 

But some species of monocots like bent gm^iArgmtis stolonifem) are ' I 

less resistant, because its stolons very frequently root at nodes making a 

dense shallow-rooted mat which affords ample meristematic parts to the 

action of these growth regulators. 

However,, irrespective of the mechanism of the , selective action, 



studies indicate that in general when aerial portions of the plants are 
treated with auxins like 2,4-D members of the grass family are relatively 
little affected, whereas the so-called ‘broad’ leaf plant show varying degrees 
of susceptibility (Lee, 1952). 

In variance with this generalization, IPG (Isopropyl-N-Phenyl car¬ 
bamate) which is also a selective auxin herbicide, is toxic to grasses and 
comparatively unharmful to the broad-leaved plants. 

Growth regulators like, 2, 4-DB and MGPB have still different types 
of selectivity. They are as such biologically inactive compounds. Their 
action depends on the presence or absence of certain (yet unknown) 
enzymes in the leaves of the plants, which convert them to the biologi¬ 
cally active 2,4-D and MCPA respectively. Therefore, within dicots, 
they may be toxic to certain plant species and varieties and not to others 
(Muir and Hansch, 1955). 

However, it should be emphasized that the selectivity'is relative. 
The same chemical when used in low concentrations may not affect a 
particular plant, but when used in higher concentrations may injure or 
even kill it. Therefore, only when dosages, methods of application and 
crop species are properly co-ordinated, these compounds kill weeds selec¬ 
tively, without harming the crops (Lee, 1952). 

APPLICATION OF PLANT GROWTH REGULATORS FOR CONTROL OF 
WEEDS 

Lawns. Success of. 2,4-D and MCPA, in lawns is based upon the 

fact that many of the common lawn grasses, including blue grass [ha 
pnUnsis), dub grass [Cynodon kctylm) and rye grass [Lolium perenne) are 
resistant to them,- whereas, many weeds occurring in lawns such as 
Ammniun^^. \Diger(i arvensis; Taraxacum offidnalis] various planta¬ 
tions and thistles; Convolvulus arvensis and Cyperus rotundas are, easily 
killed by them. However, some species of lawn grasses like bent 
grass {Argrostis stolonifera) are less resistant, in which case 2,4-D is not 
employed. 

2,4-D or MCPA may be applied at the rate of 1.25 kg-l,7kg per 
hectare as 0.1 per cent solution. , Two or three applications, at monthly 
intervals, may be needed. Best results are obtained, if these sprays are 
applied on clear days, when temperature is about 16®G. New lawns 
should not be treated until the grass is about 2.54 cm tall Sprayings 
should be done with complete protection of flowers and shrubs as they 
are very sensitive to 2,4-D and MCPA even in very low concentrations. 
It is, therefore, safer to use these herbicides in off sea.son when annuals 
are absent and perennials are generally dormant. 
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Vegetables. Apparently, in vegetables plienoxyacetic coni])oimds 
cannot be used for weed control .since the.se crops are too sensitive to thi.s 
type of herbicide. However, 2,4-D, when properly applied, has been f 

successfully used in potato and onion. Potato crop is advcr,sc]y affected 
if .spraying is done after the sprouting of tuber,s, Application of 2,4-D 
at the rate of 1,25 kg-2.25 kg per hectare 10 to 14 day.s after planting 
but before the sprouting of the tubers, has proved very satisfactory. 

Recent discoveries of 2,4-DB and MCPB seem to be promising in 
controlling weeds in many other vegetaldcs, Their sut;ce,s.s in certain 
varieties of peas has already been investigated. 

Orchards. Control of weeds in orchards is limited to the contact I 

herbicides, 2,4-D and related compounds .should not be used at herlh- 
cidaDconcentrations, in the orchard. Flower and fruit trees are very 
sensitive to these concentrations. Grape vine is specially semitive tii 
2,4-D and accordingly it should not be used in or near a vineyard. 

Strawberry plants are relatively resistant to 2,4-1) at modcTate applica¬ 
tion of 0,56 kg per liectai'e 2-3 weeks after the plants are set, 



CHAPTER VI 

ROLE IN PLANT BREEDING 
INTRODUCTION 

An important tool in the hands of the plant breeder is the induc¬ 
tion of polyploidy, i.e., multiplying the chromosome sets of a group of 
cc'lls. Due to the work of Blakeslee and Avery (1937) and Nebel and 
Ruttle (1938), it has been established that treatment with the colchicine, 
an alkaloid, is a simple and reliable means of doubling the chromosome 
number, Acenaphthene and Veratrine are reported to have similar 
effect (Cavandan 1938 ; Kostoff, 1933 ; Witkus and Berger, 
1944). Any change in the chromosomes of an individual is passed on 
to the subsequent generations, and the alteration of the characters of the 
plant may be .suflicient enough to make it a new variety. Polyploid 
plants are usually superior to the corresponding diploids in characters of 
horticultural value. They can further be used as parents for breeding 
certain desirable traits into the existing lines at the polyploid level. By 
crossing tetraploids and diploids, seedless triploid varieties may be 
obtained, as in case of water-melon, Colchicine treatment of haploid 
individuals which occasionally occur spontaneously, may induce diploidy 
and thus establish pure lines. Sterile hybrids can often be made fertile 
and pollen incompatibilities can be overcome, Cytolpgical examina¬ 
tion has revealed that many of our best varieties of cultivated species 
are natural polyploids. Plowever, the use of induced polyploidy in 
plant breeding is relatively a new idea .and as the' potentialities are 
further exploited, fresh developments may be expected, 

More recently,, plant regulators have been found helpful in the plant 
breeding programme. In many varieties of plants, that are incapable 
of setting seed of fruit even on pollination, the use of growth regulators 
has increased both the number of successful crosses and the number of 
seeds per cross, Certain incompatibilities have been overcome and it 
has been possible to make some hitherto impossible distant crosses, 
Plant regulators might as well prove helpful by preventing flower and 
fruit drop and by inducing male sterility in certain plants. Rooting of 
callus shoots after treatment with certain plant regulators may be em¬ 
ployed for inducing polyploidy also (Jorgensen, 1928; Lindstrora and 
Koos, 1931). 

COLCHIPLOIDY 

Treatment with Colchicme, Colchicine is effectively applied 
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to actively growing regions where the cells are dividing rapidly, Its 
effect is highly specific and consists of inhibition of the spindle mecha¬ 
nism (Eigste, 1938 ; Nebel and Ruttle, 1938). Thus germinating seeds, 
buds or young growing stem tips are usually selected for treatment. 
The optimum concentration and duration varies with different species. 

Establishment of Polyploid Races. In a treated region, all 
the cells do not become polyploid. Thus, the new shoots formed may 
show normal leaves interspersed along the stem with giant polyploid 
leaves. The shoots developing from the buds in the axils of the 
polyploid leaves will also be polyploid, New plants may be 
obtained from such a shoot by ,asexual propagation or, by seeds if it 
produce,s flowers and seeds. In the latter case, the flowers must be 
self-pollinated or pollen from another polyploid plant mu.st be used 
(Avery and Johnson, 1947), , 

Experimentally produced tetraploids are usually stockier plants than 
the corresponding diploids with thicker stem ; broader, thicker, darker, 
green leaves and larger flowers, fruits and seeds. The contents of various 
chemical substances may be greater in tetraploids for example, .sugar 
content of beet (Peto and Boyes, 1940) and ascorbic acid content of 
cabbage leaves (Newcomer, 1943) and tomato (Sa,nsome and Zilva, 
1933, 1936). 

The following is a list of some important horticultural plants in 
which chromosome doubling has been induced by colchicine treatment: 

Apple (Derinen, 1952), avocado (Bringhurst, 1956), blackberry 
(Hull and Britton, 1958),. cabbage (Barr and Newcomer, 1943 ; 
Karpechenko, 1937 ; Newcomer, 1941), cherry (Olden, 1954), 
cosmos (Newcomer, 1941), granberry (Dermen and Bain, 1941), 

' cucumber (Shifriss, 1942), grape (Dermen, 1954; Olino, 1952), 
guava (Janaki Ammal, 1951), lettuce (Tliompsona nd Kosar, 1938), 
lily (Emsweller and Brierly, 1940), marigold (Emsweller and Ruttle, 
1941), mulberry(Tozyo, 1954), papaya (Plofmeyr and Elden, 1942 ; 
Singh, 1953), peach (Darrow, 1949), petunia (Levan, 1939), pine¬ 
apple (Kerns and Kollins, 1947), potato (Johnstone, 1939 ;’ Lamm, 

1943) , snapdragon (Emsweller , and Ruttle, ,1941), strawberry 
(Dermen and Darrow, 1938 ; Kluge, 1954), sugarbeet (Artschwager, 
1942 y Peto and Hill, 1942), tomato (Dereskericus, 1956; New¬ 
comer, 1941; Shimamura, 1938) and watermelon (Hawthorne, 

1944) . 

Induced Polyploidy in Plant Breeding. Some time to be 
added, 


Breeiki at the polyploid level. , The polyploid plants may possess 
certain useful traits which can be combined with those of the 
existing lines by making crosses at the polyploid level. For example, 

' wild scab-resistant species have been treated with colchicine to obtain 

tetraploids which may have crossed with susceptible teti'aploid varieties 
of apple. Dermen and Darrow (1938) crossed the tetraploid obtained 
from with the octaploid garden strawberry and by back- 

crossing the sterile hexaploid thus produced with octaploid strawberries 
obtained some fertile 7-ploid and 10-ploid seedlings which preserved 
the desirable fragrance. Waldo and Darrow (1948) crossed the tetra¬ 
ploid Eldarodo with the octaploid native blackberry and produced 
hexaploids which are considered to be a new species of the mammoth 
type. Crane (1941) produced Merton thornless, a tetraploid blackberry 
f which could be used for polyploid,breeding. Teti'aploids obtained from 

the diploid cranberry by Dermen and Bain (1944) were successfully 
i crossed with the tetraploid K and from these crosses im- 

’ proved cranberry varieties are being developed, Colchicine-induced 

tetraploids of the disease-resistant muscadines are being crossed with 

varieties of F, Mrma and F, wm/w to develop disease-resistant bunch 
type of grapes. Wild polyploids of delphinium have been crossed with 
' cultivated polyploid strains to combine resistance with other desirable 

characters (Mehlquist a/., 1943). 

■ Overcoming incompatibilities. Stout and Chandler (1941) noticed 

that the change from a diploid condition to a tetraploid condition 
in PetoM was accompanied by a change from self-incompati- 
I bility to self-compatibility. Also pollen from the flowers of tetraploid 

branches could pollinate the flowers on diploid branches of the same 
plant but the reciprocal crosses failed (Stout and Chandler, 1941). 

Production of triploids. Triploid varieties can be obtained by cros¬ 
sing tetraploids with diploids for inducing seedlessness, which is a 
desirable commercial character. A majority of the cultivated banana 
varieties and about one-fourth of the commercial varieties of apple are 
triploids (Sikka, 1958). Peto and Hill (1942) obtained triploid sugar- 

beets which were better yielding. 

Restoration of fertility in sterik hybrids. The greatest use of induc¬ 
ed polyploidy lies in the restoration of fertility in sterile hybrids. 
A hybrid which has received two, unlike sets of chromosomes from its 
two unlike parents, becomes fertile on chromosome doubling, as each 
chromosome gets a partner to pair with at gametogenesis. The technique 
has proved useful in case of pineapples (Kerns and Kollins, 1947). 
Hexaploid cherries have been obtained by treating the germinating after- 
ripened seeds, of triploids from the crosses between tetraploid sour 
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cherries and diploid sweet cherries with colchicine. Polyploidy has been 
induced in the sterile hybrids of V. vinifera and V, rolmdifoHa and the 
polyploids obtained may be used in the development of new root-stocks 
because of their increased vigour (Patel and Olmo, 1956). In attempts to 
obtain plums combining the hardiness of certain American species and 
the colour of Japanese plums, Primus spinosa is being used as a bridge 
species in hybridization, using colchicine and NjO for chromosome 
doubling (Olden, 1958). Colchicine treatment has improved the ferti¬ 
lity of spineless hybrids from the cross between black currant and 
gooseberry (Rogers, 1954). I-lull and Britton (1958) crossed the tetra- 
ploid Eldorado, with the diploid raspberry Oregon 913 and obtained a 
vigorous and fertile hexaploid by colchicine treatment. 

USE OF PLANT REGULATORS 


Prevention of Flower and Fruit-Drop and Increase in Fruit- 

Set. For obtaining seed it is essential that the fruits should develop 
normally and persist on the plant till maturity. In some cases, flower 
and ,fruit drop is a great hindrance in the breeding programme. In 
cantaloupe breeding, only about 10 , per cent of the crosses set fruit. 
Burrell and Whitaker (1939) increased the percentage of cantaloupe 
fruit set following hand-pollination by applying 3-indoleacetic acid (Iper 
cent) in lanolin to one lobe of the stigma just after pollination, They 
obtained 46 fruits from 78 treated flowers as against only 23 from 86 un¬ 
treated ones. The increase in percentage of fruit set was attributed to a 

reduction in the drop of the pollinated flowers. 


Excessive dropping of blossoms and small pods is a serious problem 
in Lima bean. Wester and Marth ( 1949) were able to reduce the loss 
by using a mixture containing 0.8 g IBA and 0,2 g 4-GIPA dissolved 
mSg warm glycerine and diluted with 96g lanolin. The lanolin 
paste was pushed into scratches made on the base of the flower with a 
dissecting needle. The number of successful crosses was increased from 
18.7 to 28.8 per cent and the number of seeds for pollination was 
doubled. The average number of seeds per pod was also increased from 
1.95 to 2.43. « 


. Overcoming Incompatibilities. Self and cross incompatibilities 
moQi ^ handicaps in breeding (Stout, 

IJ88). VI ith the help of certain plant regulators, the difficulty has been 
overcome in some cases. For example, Golden Rose, a self sterile strain 
Qi Peiuma, could be made self fertile by spraying the flowering plants 
With a solution of 10 ppm .alpha-naphthaleneacetamid.e immediately be¬ 
fore or shortly after , self pollination. Obviously,, the plant regulator 
neutralizes the. effects of the ovarimi secretion which diffuses into the 



style and inhibits or greatly retards the growth of the pollen tubes. This 
growth regulator has also been found to increase the self fertility , or self 
compatibility of highly inbred and highly sterile strains of Tagetes erecta 
(African marigolds), cabbage and red clover. 

Emsweller and Stuart (1948) used IBA, lAA, NAA, naphthalene- 
acetamide and 2,4,5-T in Easter lily [Lilium longiflorum), Dissolved in 
lanolin at concentiations of 0 to 1.0 per cent each chemical was applied 
on a wound at the base of the ovary, produced by breaking the petal 
where it was attached to the pistil, just at the time of pollination, Such 
a treatment of lily ovaries ensures success in some difficult crosses and 
overcomes some self incompatibilities. In all pollinations, naphtli- 
aleneacetamide (1 per cent) proved to be most effective. They have also 
shown that both the pollen and growth regulators contribute directly to 
fruit formation in lilies. 

Miwa (1951) reported .that self fertility in liyuga natsu mandarin 
could be induced by NAA treatment. 

Making Distant Crosses. At the John Innes Horticultural In¬ 
stitution, England, Crane and Marks (1952) obtained sexual hybrids 
between pear and apple for the first time. Actually they wanted to test 
the occurrence of apomixis in pears, They emasculated 16 flowers of 
a tree of the variety Fertility and brushed the ovaries with a solution of 
B-naphthoxyacetic acid (40 ppm). Four flowers were pollinated with 
the pollen of an un-named tetraploid variety of apple and 12 with the 
pollen of the diploid apple Crawley Beauty. After 24 hours, the ovaries 
were again treated with thegrow'th regulator. Three fruits developed 
from pollination , with the tetraploid apple and 12 from pollination with 
the diploid, Seed content and germination are given below : 



Pear Fertility 2X Flowers Fruit Seeds Seeds Germi- Survived 


sown nated 



X Apple4X 4 3 13' 13 13 1 

X Apple2X 12 12 ' 100 79 56 10 



During the early stages of growth,' the seedlings were' very uniform 
and appeared to be pears of apomictic origin, but later unusual develop¬ 
ment showed that they were hybrids. Their hybridity was further « 
confirmed after cytological examination by Brock (1954). The success 
of this technique depends upon the stimulation of pollen tube growth and 
the induction of parthenocarpy., Naturally parthenocarpic pear varieties 
are more favourable as female parents. 
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Induction of Pollen Sterility in Difierent Crops. 

Grape. Iyer and Randhawa (1965, 1966) successfully induced male 
sterility in three varieties of vinifera grapes by using MH (500 ppm), 
TIBA (440 ppm) and FW 450 (0.30 per cent). In all cases, two appli' 
cations of the chemicals were necessary to induce complete pollen steri" 
lity. In addition, FW450 (0.30 per cent) prevented anthesis and 
anther dehiscence. Considering the fruit set and seed set obtained in 
the male sterile flowers, MH appeared to be the most promising. The 
chemical treatments did not influence seed, germination, 

Tomato. Rehrri (1952) treated potted tomato plants, about a week 
before first flower ripening with Triddobenzoic acid (TIBA), 2,4-D, 
MH andNAA. Sterility for about eight weeks was obtained with 25, 
50 and 100 ppm TIBA and 1 0, 25 and 50 ppm 2,4-D, whereas 50 pprn 
NAA and 500 pjm MFI induced sterility for only 10 to 14 days, 
Moore (1958) used FW-450 (0,02 to 1.2 per cent) on several tomato 
varieties. The concentrations of 0.075 and 0.15 per cent induced pollen 
sterility for 10 to 13 days without causing female sterility. Field 
trials were also conducted on eleven tomato varieties employing four 
concentrations (0.075, 0.15, 0,3 and 0.6 per cent) of FW-450 sprayed 
thrice. FW-450 (0,075 per cent) failed to produce any appreciable male 
or female sterility but at 0.15 percent this chemical produced fairly 
high male sterility for 13 days but pollen was never completely absent 
and a slight reduction in female .sterility was also observed. At 0.3 
per cent FW-450 caused a complete absence of pollen for 12 days dur¬ 
ing which time 30 per cent of the flowers pollinated with normal pollen 
set fruits compared to 50 per cent in unsprayed cheebs. The highest 
concentration of FW-450 used (0.60 per cent) induced complete male 
sterility for 10 days along with very low fruit set, accompanied by 
Im'ge deformation of the leaves, Walkof (1958) used 0.05, 0.50 and 
1.10 per cent of FW450 on tomato plants and noted that 0.05 per cent 
concentration sprayed twice, two weeks apart, had' little visible effect. 
But one application of 0,5 per cent resulted in complete male sterility 
accompanied by thickening of the blossoms and fleshy stamens. On polli¬ 
nating with good pollen, 25 per cent of the flowers set fruits, but the 
fruits were mostly fasciated and contained only 2 to 3 per cent as 
many seeds as in controls. The highest concentration used (1.10 per 
cent),proved toxic.. 

Nayland (1959) used 0.3 and 0.6 per cent of FW-450 and applied 
them when the first flower buds were present followed by a second spray 
after a fortnight. About one month after first spray, the flowers were 
pollinated with pollen from untreated plants to determine the ovule 
fertility. With the lower concentration, the self-pollinated flowers set: a 



few fruits, as in controls, whereas with 0.6 per cent concentration no 
fruit set was obtained without hand-pollination. Hemphill (1959) tried 
different concentrations of FW-450 and noted that, whereas the lower 
concentrations failed to induce male sterility the higher concentrations 
caused chlorosis, malformation and stunting of plants. Walter'(1959) 
also noticed that although considerable male sterility was produced by 
treatment with FW-450 at 0.25, . and 0.75 per cent in most cases it 

was accompanied by stigma and ovule damage. On the contrary work 
at the Rohm and Haas Research Fai'm (Anonymous, 1959) has shown that 
0,125 per cent FW-450 gave 100 per cent pollen sterility for 13 days 
without much adverse effect on ovule fertility, 

Chopra et al. (1960) observed that MH induced complete pollen 
sterility in tomato with 50 ppm .sprayed twice or 100 ppm sprayed once 
or twice in treatments made before the opening of the fruit flower, with¬ 
out greatly impairing the seed set. 

Onion. Chopra al. (1960) obtained complete pollen sterility by 
injecting 10 ppm MH into the plants before the onset of meiosis in the 
oldest bud of the inflorescence.' •* 

Cucurbits. Rehm (1952) used three chemicals,' namely, 2,4-D, 
TIBA and MH and obtained complete pollen sterility in water melon, 
for more than one week, with 10 ppm TIBA applied every week ; 250 
ppm of TIBA applied once and 5 ppm 2,4-D applied every week. The 
female flowers which opened in all the treatments during the period 
of male sterility were partially fertile and the best fruit set was obtained 
with 250 ppm TIBA. Wittwer and Hillyer (1954) observed that squash 
of 20°C and 16-hour otoperiod produced the usual number of pistil¬ 
late flowers without a single staminate flower by MH 250 and 350 ppm 
sprays applied twice. Similar results were also obtained by them in 
Cucumispepo. Nakamura (1954) could induce male sterility in egg 
plants by applying 10 ppm of amine salt of 2,4-D. Nakamura and 
Terabun (1955) noted that treatments with 50 and 100 ppm of amine 
salt of 2,4-D caused a decrease in the number of male flowers and an 
increase in the number of pistillate flowers in cucumber. 

Hensz and Mohr (1960) observed a striking reduction in open sta¬ 
minate blossoms on water melon plants treated with 0,5 per cent FW-450. 
Treated plants produced only one functional staminate to pistillate blos¬ 
som, as compared to the ratio of 15 : 1 on control plants. 

Celery. Robleand Flonma (1959) applied FW-450 at concentra¬ 
tions of 0,85,1.0 and 1,15 per cent (6cc/plant) and obtained complete 
male sterility in all the treatments with high ovule fertility. But in all 
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cases, .the treatments resulted in some injury, depending upon the con¬ 
centration. 

Brinjal Choudhury and George (1962) observed that whole 
plant spray-of NNA (50 ppm), MH (600 ppm) and 2,4-D (20 ppm) 
induced pollen sterility ranging from 90 to 100 per cent, 14 to 28 days 
after spraying, and lasted for 5 to 12 days, in two varieties of brinjal 
in the summer and winter seasons. They opined that repeated spray¬ 
ing of these plant regulators, at intervals of 5-7 days, could prove to 
be valuable means for making hybrid seed production in brinjal much 
economical. 

Beets and turnips. Plants of beets and turnips were treated Iry Wit 
(1960) with FW-450 (0.2 to 0.9 per cent) a few days prior to flowering. 
In beet, the fruit set gave the impression that even at a high degree of 
male sterility, there may be little influence on female fertility. In tur¬ 
nips, perhaps because the treatments were given at a very late stage, 
there was little or no response. 

Cantaloupe, Lippert and Plall (1961) applied aqueous solutions of 
FW-450 (0.2 to 0.7 per cent) in cantaloupes and observed that the 
number of flowers was reduced in proportion to the chemical concentra¬ 
tions, although all concentrations reduced equally the ],)roportion of 
staminate to hermaphroditic flowers. The chemical failed to prevent 
the production of functional pollen or ovules but reduced corolla 
growth, flower opening, and fruit set. I'lie authors doubted its value as 
an aid in the production of hybrid cantaloupe seeds. 

Ornamental plants. Very little work has been reported m case of 
ornamental plants also. Moore (1950) reported complete male sterility 
in gladiola [Gladiolus sp.) and China aster [Callistephus chinensis) Iry appli¬ 
cation of 0,24 per cent MB. Putt (1959) observed that inbred lines 
treated with FW-450 at different concentrations showed little evidence 
of selective gametocidal action. Whereas the pollen production was 
inhibited, the ovules became non-functional to some degree and in most 
cases seed set was very poor. 



CHAPTER VII 

SPROUT INHIBITION IN SOME VEGETABLE CROPS 
INTRODUCTION 

Reducing storage losses in soihe vegetables like potato and onion is 
an important problem. Thousands of tons of potatoes, onions, turnips 
and beets are lost each year from sprouting in storage. If storage 
temperature could be maintained below 7°C, very little, if any, sprout 
growth will occur. But in usual practice in common storage houses 
and cellars and outdoor pits, it is impossible to maintain such tempera¬ 
tures throughout the storage season. Besides this, certain undesirable 
characters come up during the storage in the low temperatures, e.g., 
sweetening of tubers. This is undesirable from commercial point of 
view, To avoid this, tubers are stored at higher temperatures which, 
however, unfortunately results in rapid sprouting. The discovery that 
growth regulators can affect the dormancy of plants, even at relatively 
high temperatures, has attracted much attention and has led to impor¬ 
tant practical applications. 

PREVENTION OF SPROUTING IN STORAGE 

Potato. In 1936, Elmer observed reduced potato sprouting when 
the tubers were stored with apples. This inhibition, he believed, was 
due to ethylene gas given off by apples. Denny (1942,1945) concluded 
that potatoes treated suitably with certain growth regulators would not 
sprout even under favourable environments. Guthrie (1938) used 
two methods to show that sprouting could be prevented in the potato 
tubers. 

The basal soak method. The tubers were cut into pieces, each with 
one eye, and placed, eyes up, in a shallow dish. The pieces of tuber 
were partly covered with solution (125 cc for 12 pieces) and allowed to 
stand at approximately 50°F for 1 to 3 days. They were then drained 
and planted. The regulator used was potassium salt of NAA at 20 
ppm. The potassium salt of lAA proved to be ten times less effective 
than potassium .salts of NAA. 

Vapour treatment method, iGuthiie (1938) recommended the use of 
methyl ester of naphthaleneacetic acid (MeNA). This is sufficiently 
volatile to be used as a vapour. Moreover, it- is absorbed by potato 
tubers in sufficient quantities to make possible the treatment of whole 
tubers as well as tuber pieces. The vapour treatment consists of dissolv- 
I ing the ester in acetone, pouring it on filter paper, and after evaporating 
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the acetone, placing the filter paper \vith the tubers in a closed but 
not sealed,container. 

This vapour treatment was later modified by Denny for commercial 
use by passing the vapour through the stored tubers. It can also be 
done by dusting tubers with talc containing NAA. The colour of the 
tuber changed due to talc which is undesirable from the commercial 
point of view, 

, Denny (1942) induced dormancy in potato tubers with ethylene 
chlorohydrin. He found that the potatoes treated with MeNA absorbed 
some amount of the chemical which was reduced on cooking. 

Thornes and Riker (1945) revealed that NAA treatment did hot 
affect the taste of the tubers and if used in higher concentration was 
non-toxic to the animals, Gandarillas and Nyland (1949V noted that 
the seed potatoes that were treated with MeNA sprouted late in the field 
by 11 to 16 days. Smith a/. (1949) treated potato with MeNA and 
isopropyl ester of2,4,5-T in dust form. Both the treatments reduced 
sprouting but greater retardation was due to MeNA treatment. 

Bradley and Dean (1949) concluded that MeNA did not prove good 
in potatoes which had broken dormancy. Satisfactory results were 
obtained by the application of NAA and its sodium salt at the rate of 9 
gperbushel, 

Emilsson et al (1952) tested the efficacy of TCNB (2,3,4,5,6 
tetrachloronitrobenzene) and noted strong inhibitory effect when used 
at the rate of 12 mg per 100 kg of potato and the loss'due to the diseases 
was also reduced. Kryut and Veldestra (1951) tried the compounds 
of naphthalene series, MeNA gave promising results when used at 
the rate of 0.015 and 0.030 g per kg of tubers. Humberg (1952) ob¬ 
served the presence of growth inhibitors in the peel which disappeared 
at the end of dormant period. , 

Garay and Pasquale (1952) treated potatoes with fusare at a rate 
of 4,500 g per ton of potato for minimizing the sprouting losses. 
Ellison and Cunningham (1953) observed that potatoes treated, with 
MeNA were more susceptible to Fusariun dry rot. No incidence of dry 
rot was noted with the tubers treated with TCNB, This chemical was 
found to be more effective in controlling the sprouting when used in 
bins of 10 or 25 bushel capacity, It proved ineffective when treated 
potatoes were exposed to open air. 

Marth and Schultz (1952) dipped, potatoes in T per cent: IPG 
solution and found it to be a good sprout inhibitor, Dusting with 
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sulphur treatment with 1 per cent mercuric chloride solution also in¬ 
hibited sprouting and lessened losses due to rotting. 

The problem of excess sprout growth in storage would be further 
simplified if some substances sprayed on the plants in the field would 
retard sprouting subsequently In storage without adversely affecting the 
total yield and quality of tubers, 

Smith et al (1949) observed that the field application of 2,4,5-T 
retarded the .sprout growth in potato. Paterson et al (1951) reported 
that the sprays of MH at 500, 1,000 and 2,500 ppm applied to potato 
plants, 1-7 weeks before harvest, were effective in prolonging dormancy 
of tubers held in storage for 7 months at 7^0 and 13°C, In other 
experiment, Smith (1949) sprayed potato with TGPA and sodium 
naphthaleneacetate, Sprout inhibition was, more with TGPA than 
sodium naphthalene acetate. Various workers (Smith et al, 1947; 
Ellison and Smith, 1948) applied 2,4-0, MeNA and lAA to potato 
plants. MeNA at the rate of 4,000 ppm was found much more 
effective, while at 10,000 ppm it proved toxic and yield was reduced 
considerably. 

Onion. The effective treatment of onions is made more difficult 
by the protected position of the growing point inside the onion bulb; 
consequently the only successful treatment is the foliar applications of 
suitable auxins. 

Trial of plant growth regulators. MeNA and 2,4,5-T which are 
commonly used for sprout inhibition in potato are not effective with 
onions due to the submerged growing region. Wittwer and Sharma 
^ (1950) studied various growth substances, as means of prolonging the 
storage life of onions. 


Treatments ■ 

Concen¬ 

trations 

{ppm) 

Weipht 

of 

sprouts 

Percentage of storage 
loss from 


sprouting breakdown 

Sodium salt of a-naphthalenc 
aceticacid 

1,000 

64.7 

'23 

■ ' 38 


5,000 

.36.8 

22 

40 

2,4,S-triclilorophenoxy acetic 
acid 

10 

67.4 

23 

35 


50 

68,1, 

28 

46 

Sodium salt of naphthoxy 
aceticacid 

500 

22,2' 

19 

48 

n 

2,500 

45.3 

f 14 

49 
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Ben2;o-thiozol-2 oxy-acetic aci 

500 

40.4 

20 

48 

„ 

2,500 

53.6 

30 

44 

Maleic hydrazide (MH) 

100 

31.7 

26 

40 


500 

3.9 

10 

21 


2,500 

0.0 

0 

15 

No treatment (control) 


40,5 

19 

26 


Observations were made after the onions had Iteen held in storage 
for 5 months. No sprouting was evident on Intlljs that had been 
sprayed with 2,500 pprn of MH and there was a significant reduction 
in sprouting with 500 ppm, Some decrease in loss from .storage Ijreak- 
down \yas also observed. Flavour, colmn and odour were apparently 
not affected, 

Wittwer and Sharraa (1950) worked on Sweet Spains varieties of 
onion. During the .summer and fall of 1948, the sodium salt of a-NAA 
and 2,4,5.T were applied separately as sprays at intervals during the 
growing season to the foliage of yellow Sweet S|:)ains onions. The used 
concentrations were 500 to 5,000 ppm for the sodium salt of cc-NAA and 
25 to 250 ppm for 2,4,5-T. All these cliemical trcatment.s, including 
the preharvest applications of McNA tended to stimulate rather than 
inhibit sprout growth and rooting. They observed an abnormality 
commonly termed ‘blow out’ development on the bases of many bullis. 
The blow out condition apparently resulted from an elongation of the 
base.s' of the leaf sheath induced by the greater growth activities of the 
buds. Leaf bases in the elongated and enlarged regions were much 
thinner having sheaths not effected, Fjarly applications of higher con¬ 
centrations of both chemicals, particularly, stimulated .sprouting and 
re,sultcd in earlier and more storage breakdown. 

Dallyn and Smith (1952), however, found that the different treat¬ 
ments with sodium salt of NAA applied to the foliage of onion reduced 
sprouting of the bullis in sultsequent storage of 27'’C, 'fhey ob.scrved 
that the low concentrations of soditrai salt of NAA applied to the foliage 
of onions resulted in increased, bulb yield. Concentrations of .sodium, 
.salt of «-NAA u,sed were 500,1,000,and 3,000 ppm. 

It is thus clear that the application of the maleic hydrazide is the 
only solution to check .sprouting in onion, 

Wittwer and,Sharma (19.50) found that amtmg the bulbs that had 
been treated with 2,500 ppm ,MH, no sprouting wa.s evident and break¬ 


down also significantly decreased. Flavour and colour were apparently 
not affected. Wittwer and Paterson (1951) stated that the preharve.st 
foliar sprays of 0.25 per cent MH applied to Early Globe Brigham and 

Yellow Globe onions reduced sprouting in a 16 -10 weeks storage test at 
0 G and 5 C. Wittwer and Sharma (1950) observed that at the end of 
the first month all MH treatments appeared equally good ; however, all 
later readings suggested that the 2,500 ppm and 3,000 ppm treatments 
were better than 2,000 ppm, as would be evident from the table given 
below: 


Mean 

PERCENTAGE OE MARKETABLE BULBS IN 

STORAGE 

Treatments 

1st month 

Ind month 

3rd month 

4th month 

2,000 ppm, 

88.55 

51,99 

33.70 

26.82 

2,500 ppm 

83.80 

58.00 

39.95 

36.55 

3,003 ppm 

83.21 

59,17 

39.06 

30.20 

Control 

66.56 

30,65 

15,82 

7.82 

Discarded 

- 

2.00 

12.50 

10.00 


So the application of MFI 2,500 ppm to 3,000 ppm is the best and 
I . a desirable one to check sprouting in onion. Later studies of Wittwer 
^ and Paterson (1951), Isenberg (1951), Rehm (1954) and Schoene and, 

Hoffman (1949) proved the efficacy of MH in this aspect. 

, In recent experiments, Gifferri (1953) sprayed Maggialiola onion 

with 0'2 per cent solution of sodium salt of MH and observed complete 
inhibition of sprouting in storage. 

^ Time of application. According to Wittwer and Paterson (1951), 

thetimeofapplicationofMHto the growing onion crop is; very im- 
I portant. Effectiveness of the chemical is dependent upon its absorption by 

the leaves and translocation to the bulbs. Accordingly, the leaves must be 
• I alive and green, liowever, if the ti’eatment occurs too early in the season 

when the onions are still growing rapidly, hollow or pulpy bulbs result, 
which keep very poorly in storage. Thus with onions, MH (2,500 ppm) 
should he applied when the bulbs have matured, but the tops ai-e yet 
I green. This is usually so 1-2 weeks before harvest. 

Use of gamma imdia tion. Besides the use of Mli, Sawyer and 
Dallyn (1956) had ob.served that in case of onions a gamma irradiation 
do.sage of 8000 r for 48 hours had completely inhibited sprouting. A 
k- dosage of 4000 r prevents sprouting of bulbs held at 1B°G. 
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CHAPTER VIII 

CHEMICAL INDUCTION OF PARTHENOCARPY IN FRUIT 
AND VEGETABLES 
INTRODUCTION 

In 1902 Noll, recognizing the similarity between seedlessness in 
fruits and parthenogenesis, introduced the term^parthenokarpuf to 
denote the seedless condition, and this term is now in ^ general uw^. Al¬ 
though Noll considered that perhaps all seedless fruits should be in¬ 
cluded under this term, whatever the cause of seedlessness, ^ he restricted 
it to fruits produced without pollination or other stimulation. At pre- 
sent, the term parthenocarpy is being used to denote prcxliiction of fruits 
without fertilization, and also production of seedless fruits as a result of 
fotilization but with early abortion of embryo. Stout (1936) has used 
the term ‘stenospermocarpy’ for the later, 

PHYSIOLOGICAL BASIS OF PARTHENOCARPY 

The success in inducing parthenocarpic fruit development liy the 
use of pollen of unrelated .species, sterile pollen and pollen extracts 
(Massart. 1902; Hartley, 1902; Fitting, 1909, 1910 ; Yasuda, _1933, 
1934,1936) and the discovery that the pollen contains auxin (Laibach, 
1932 ; Thimann, 1934) indicates that auxin is responsible for such in- 

diictira. The success of artificial application of growth-promoting sub¬ 
stances or auxins to the pistil (Gustafson, 1937; Gardner and Marth, 
1937) also verify the above statement. 

Suggestions have been made that auxin comes from pollen or the 
developing seeds (Dollfus, 1936 ; Gustafson, 1937,1938). In fact, pollen 
tube brings into the ovary something (auxin) which stimulates the ^ ovary 
to grow into a fruit. This view has been strengthened by the findings of 
Meyer and Anderson (1956) who found less growth hormone in female, 
flowers before fertilization than afterwards, Muir (1942) found in¬ 
creased auxin content in the ovary after pollination. But whatever 
auxin the pollen tube supplies to the ovary is not enough to cause con¬ 
tinued growth (Gustafson, 1939). This view is supported by Gardner 
and Marth (1937), who reported that four .sprayings gave better set 
than a single spray of auxin. Where does then this additional auxin 
come from ? 

Gustafson proposed that growth hormones might be .synthesized by 
the developing seeds, perhaps the embryo. But again what happens in 
case of the naturally parthenocarpic fruits where no .seeds are formed ? 
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Gustafson (1939) found that ovaries in bud stage in the parthenocarpic 
I varieties of lemon, orange and mandarin had higher auxin content 

than those in seeded varieties and from this he concluded that ovules 
or the ovary itself may produce an unusually large amount of auxin. 
Even a little auxin added in the right place, as the ovules, would be 
sufficient to cause them to grow and set up auxin centres from which 
■ auxin might diffuse into the ovary and thus auxin is present in the. 

ovary even if seeds are not produced. This hypothesis has been stren¬ 
gthened by the fact that changes in growth patterns and increased fruit 
size may be induced by auxin application to such fruits as the apricot 
(Crane and Brooks, 1952), grape (Weaver and Williams, 1950), prune 
(Harris and Hansen, 1955) and fig (Crane and Blondeau, 1949). Luck- 
will (1948) also pointed out that auxins were the key factors in initiating 
growth of fruits. For that matter, as stated by Leopold (1962), Luck- 
will (1957) and Nitsch (1952), fruits containing numerous ovules will 
set parthenocarpic fruit by natural auxins, whereas, those having 
f single ovule should neither be parthenocarpic nor responsive to ex¬ 

ogenous growth regulators. But the parthenocarpy induced in apricot 
by Primer and Crane (1957) is sufficient to criticize this hypothesis. 

It is likely that natural auxin is deficient in varieties where par¬ 
thenocarpic fruits have never been obtained and the developing seeds 
supply auxin to produce non-parthenocarpic fruits (Gustafson, 1939). 

; Moreover, Thompson (1961) postulated the production of an inhibitor 

by the unfertilized ovule whose effect must be overcome by auxin before 
fruit growth can proceed. 

The application of auxins to unpollinated flowers of most species, 
with few exceptions, has’ failed to bring about parthenocarpy, No 
correlation between auxin content and fruit growth was found in fruits 

such as apple (Luckwill, 1948), fig (Crane and Blondeau, 1949), 
grape (Goombe, 1960) and strawberry (Nitsch, 1956), These evidences 
indicate that auxin alone is not^ the only factor which is necessary for 
fruit set, but one or more'additional factors are involved. 

I Went (1938) considered that auxin acts in such a way as to cause 

. other substances which he calls ‘calines’ to move to the part of the plant 
where growth takes place. And he tentatively named the substances which 
causes fruit growth as ‘Carpocaline. 

;i The fact that develooment of many fruits like apple involves a 

, fairly protracted period of cell division, as against cucurbits and many 

other fruits where fruit growth is mainly by cell enlargement, led Luck-,^ 

^ will,(1959) to predict that cell division ^ factors of the type present in 
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coconut milk are .required in addition to other types of hormones I'nr 
fruit growth in many plants. 

The fact that GA-Iike substances are present in the endosperm of 
many species (Phinney et al, 1957) indicate that GA or GA-likc subs¬ 
tances may be,essential for fruit growth and development. This hypo¬ 
thesis has been amply justified by the positive results obtained by GA 
in inducing parthenocarpy in peach, apricot and almond (Crane et al, 

1960) , Bing cherry (Rebeiz and Crane, 1961j, grapes (Pratt and Shanlis, 

1961) , Clementine mandarin (Soost and Burnett, 1961), guava (Teaotia 
ei fl/,, 1961 ; Shanmugavelu, 1962), and apple (Luckwill, 1960 ; Davison, 
1960 ; Dennis, 1962). 

Luckwill (1959) and Abbott and Luckwill (1962) reported three 
types of naturally occurring growth hormones supplied by developing 
seeds, namely kinims, gibberellins and auxins, and that these must be 
supplied artificially for production of parthcnocarpic fruits. The kinins 
are essentially the cell division hormones and recent tis,sue culture 
work suggests that they are important, for the early growth of fruits 
like apple, in which there is a phase of rapid cell multiplication lasting 
for 3^4 weeks after bloom. Gibberellins and auxins promote growth l:)y 
, cell expansion, probably acting in conjunction with one another. Auxins 
^also inhibit abscission and retain the fruit longer on the tree, 

CHEMICAL USED TO INDUCE PARTHENOCARPY 

The results obtained by application of some of the chemicals which 
are known as growth regulators have been very promising and at times 
even spectacular. These include some indole compounds: acetic, buty¬ 
ric and propionic acids (Gustafson, 1936 p-naphthoxypropionic acid), 
some naphthalene compounds (naphthalene acetic, butyric and propionic 
acids) and some derivatives of phenoxy acids2,4-D and 2,,4,5>T etc, 
Besides these, some other chemicals such as acenaphthalene, ocstromt; 
sulpharidamide phenyl acetic acid and skalatol are others which have 
induced physiological responses, It has been observed that chemical 
structures which impart physiological act,ivity to the compound are of 
diverse structure and there is no grouping or structural feature common 
to them all, Pyrrole «-carboxylic and pyrrole acetic acid were shown 
to have .slight activity (Gustafson, 1988) but they are of no practical 
value. 

Among the many auxins which have l}een u,sed, p-chlorophenoxy" 
acetic acid (4.CPA) and p-naphthoxyacctic, acid (BNOA) have emerged 
as the ,most effective and most widely used. These are both fairly weak 
auxins and both have relatively little epinastic effects on the leaves. 
Redemann ,et al, (1951),found that the ester is approximately four times 
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more effective in setting fruit than the free indole acetic acid. Like¬ 
wise, indoleacetonitrile was found to be more effective than the free 
acid (Bentley and Bickle, 1952). Wood and Fontaine (1952) report 
amide derivatives of 2,4-D with D-amino acids to be effective without 
causing epinastic deformations, whereas the amide derivatives with 
K-amino acids are as epinastic as 2,4-D itself. 

Epinastic agents which are not auxins are effective in fruit-set as 
well as auxins. Derivatives of phthalmic acid (Hoffmann and Smith, 
1949; and benzoic acid (Zimmerman and Hitchcock, 1942) have induced 
fruit set. 

Recently, GA alone (Modlibowska, 1960, 1961 ; Kononov, 1960 ; 
Davison, 1960; Luckwill, 1960, 1962; Crane ria/., 1960; Pratt and 
Shanlis, 1961; Teaotia et al, 1961 ; Soost and Burnett, 1961; Bradley 
■ and Crane, 1962; Shanmugavelu, 1962) and GA in combination with 
auxin (Jackson and Pimscr, 1959 ; Rebeiz and Crane, 1961) have been 
found effective in inducing parthcnocarpic fruit set in various tree 
fruits. 

The selection of auxin concentration to be used in practice must 
take into consideration the injurious effects that they may have on the 
plant, t he undesirable effect that the chemical may have on the fruit, 
and any other special consideration for different fruits. The concen¬ 
tration to be used varies with fiuits, climate, chemical and other condi¬ 
tions of use. 

TECHNIQUES OF APPLICATIONS 

Lanolin Paste. The method as originally used by Gustafson 
(1936) consisted in mixing the chemical with lanolin and this paste was 
applied to the stigma of the pistil or to the cut surface of the style 
after the stamens had been carefully removed from the bud. Strong 
(1941) modified the method; she merely cut the bud or the recently 
opened flower immediately above the ovary and smeared the paste on 
this surface. This procedure requires less time. 

Since the growth substances readily dissolve in molten lanolin paste, 
it has been a convenient medium for supplying the growth substances. 
ltsu.se, however, is restricted to cases where the number of flowers to 
be treated is small. Extra care should be taken to restrict the appli¬ 
cation of hormone in lanolin paste to the desired spot only, as the results 
are likely to be unfavourable if any unduly large area of ovary is 
smeared with the preparation. It has been recommended that for finer 
work, lanolin should be purifiied to get uniform results (Redemann et al, 
,1950). ; ^ 
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Spraying. Growth substances can l:)e dissolved in water or pre¬ 
pared in emulsion from the spraying. This mode of application ha.s 
been found to be very suitable for glass-house spraying to promote fruit 
set (Zimmerman and Hitchcock, 1941 ; Hewlett, 1941 ; Swarbrick, 1945 ; 
Gustafson, 1942 ; Dennis, 1962), The spray method is, however, less 
effective than lanolin paste method. 

Soil Application. Gardner and Marth (1937) and Randhawa 
and Thompson (1948) have succeeded in inducing fruit set by watering 
or spraying growth regulators on the soil below the plant. Zimmerman 
(1942) also induced parthenocarpy by adding substituted phenoxy com¬ 
pounds to the soil, 

Aerosol Method. It has been found to be convenient as well as 
effective to apply the growth substances after dissolving them in liquified 
gases. When such a solution is released through a fine nozzle, the gas 
leaves dissolved growth substances in finely suspended form. The metliod 
js useful for greenhouses (Hamner et al, 1944; Hewlett and Marth 1941), 

Vapour Method. In greenhouse crops, the growth sub,stance is 
applied by evaporating it on the hot plate. The quantity of the chc’ 
mical to be used should be determined with great caution as overdoses 
are likely to induce undesirable effects on the plants (Zimmerman and 
Hitchcock, 1939 ; Strong, 1944), 

In Carbowax. The growth substances can be dissolved in carbo- 
wax and stored. The desired dilution can be prepared at the spot by 
dissolving the carbowax tablet in requisite quantity of water. This 
eliminates the need for transporting the chemicals in solution form. 

Injections. In order that the injection method may be ased with 
success, it is first necessary that the pedicel be large enough so that the 
needle diameter is small in proportion to the diameter of the pedicel. 
Secondly, the ovary and perhaps also the calyx tissues should have 
numerous intercellular air spaces (Yasuda, 1934; Gustafson. 1938). 

TIME OF APPLICATION 

^ The time .of application depends upon the method of application, 
environmental conditions and the condition of the buds or flowers on 
the tree. The chemical in lanolin paste : is applied at pre-anthesis 
stage on the excised pistil (Teotia et al, 1961). , The spray applica¬ 
tions are best done on emasculated flowers at full bloom, checking 
pollination by bagging or emasculation (Luckwill, I960 ; Crane 
1961). 

Dikshit (1958,1959) found that in Annona squamosa, treatments in 


August at pre-anthesis stage was better than in April and May because 
the buds in the former case were robust. Gustafson (1942) recommend¬ 
ed that the spray should be kept off the foliage and the growing point 
and the spraying should be done when the last flowers are opening, 

RESEARCH WORK DONE ON FRUITS AND VEGETABLES 

Apple. Early attempts to induce the development of parthenocarpic 
fruits or improve fruit set in apples and pears by the application of growth 
substances were almost invariably successful (Gardner and Marth, 1937); 
Burkholder and McCown, 1940; Greene, (1943). Swarbrick (1945) 
sprayed apple trees, after a severe frost which had occurred when the 
young fruitlets were already beginning to grow and which killed the 
embryos and blackened the centres of the young fruits. The spray 
used contained 55 ppm IBA, 5 ppm a-NAA, 5 ppm 2,4-D and ,60 
ppm oc-NAA, giving a total growth substance content in the solution of 
75 ppm. This treatment had little effect on the fruits of Cox’s Orange 
Pippin, but with Miller’s Seedling the fruits remained on, the tree and 
showed appreciable swelling, whereas, practically all the fruits drop¬ 
ped from unsprayed trees. Later the fruits stopped growth but many 
of them attained a diameter of from 3.71 cm to 5,08 cm. Luck- 
will (1946) isolated a hormone-like substance from developing seeds of 
apple, and this substance was effective in inducing parthenocarpy in 
tomato, 

Woodcock (1947) Indentified the crystalline substance obtained 
by Luckwill from apple seed as phloridzin and stated that this substance 
is present in quantities as high as 8 per cent of the fresh seed weight 
up to four weeks petal fall and decreases to one per cent after 8 weeks. 
But the relationship between this substance and the hormone obtained 
from the same source was not worked out. 

Osborne and Wain (1951) obtained preliminary success in inducing 
parthenocarpy in apple by application of a-phenoxypropionic acid (100 
ppm). Gorter and Visser (1958) reported that the plant, regulator treat¬ 
ments to Winter Gold Peai'main and Laxtons Superb apples, which 
produce parthenocarpy naturally, also induced slightly higher produc¬ 
tion of parthenocarpic fruits than the control, 

Luckwill (1960) reported that aqueous solutions of potassium salt 
ofgibberellic acid and a-2-naphthoxypropionic acid (2-NOP) at 50 
ppm sprayed at petal fall stimulated early growth of apple fruit, 
Davison (1960) reported that GA, applied at 1 per cent in lanolin paste 
to the receptacles during flowering, induced parthenocarpic fruit deve¬ 
lopment in Sturman, Cox’s strawberry, Norman and Red Jersey apples. 
Spray at 4,000 ppm was al sofound effective. 
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Dennis (1962) tested several compounds to stimulate parthenocarpy 
in emasculated flowers, but only GA was effective and produced mature 
fruits of nearly normal size of Duchess of Oldenburg and McIntosh, 
Applications in lanolin paste (5,000 ppm) were more effective than 
aqueous sprays or injections (100-1000 ppm). 2-Chloro-4-fluoropheno- 
xyacetic acid was effective as .supplemental spray in preventing fruit 
drop, but it inhibited fruit growth in several varieties. Single .spray of 
GA (200-500 ppm) promoted fruit growth in two varieties, but phloridzin 
spray and injections did not do so, 

. Pear. Sereisky (1938) induced seedless fruits in pear by lAA 
(0.1 per cent, 0.5 per cent or 1.0 per cent). Lewis (1946) .studied the 
action of naphthaleneacetamide on the process leading to fruit develop¬ 
ment in a number of species including Pynis communis and concluded 
that parthenocarpy could be induced in many .seeded fruits only, by 
application of growth substances, Osborne (1949) sprayed eraa,sculated 
flowers of Pitmaston Dutche,ss pears with a-2 naphthoxypiopionic acid 
and produced seedless fruits which were normal in appearance. The 
parthenocarpic fruits induced in Dr Jules Guyot pear variety 
were somewhat smaller than the normal fruits. Osborne and Wain 
(1951) obtained parthenocarpic fruits in some pear varieties with plant 
growth regulators. Batjer and Uota (1951) found that the .seed content 
of Bartlett pears was affected in an orchard which was not cro,ss polli¬ 
nated following sprays with 2,4,5-T. Griggs et al (1951) found higher 
percentage of seedless fruits in, pears after sprays with 2,4,5-T at full 
bloom. Trees of both Laxton’s Superb and Williams pears set .seed¬ 
less fruit after GA spray at 50 ppm on emasculated flowers at petal fall. 
More fruit was set with GA alone than with GA plus 2-NOP (Luckwill, 
1959), Luckwill (1960) further stated that even a .single application of 
GA carried full crop of parthenocarpic fruits, Modlibow.ska (1960, 
1961) reported that GA treatment on pears with or without frost damage 
may have commercial possibilities. Dwarf pyramid pears damaged 
by frost were sprayed with GA (Luckwill, 1962) at concentrations from 
5 to 200 ppm, applied at ‘white bud’, 8 d^ys after damage and others 
at full bloom. The varieties tested were Williams and Laxton’s 
Superb. About 80 per cent of the flowers were damaged by frost and 
thus unsprayed trees carried a jioor crop. Spraying at full bloom with 
80 ppm GA gave best results. 

Stone Fruits. Parthenocarpic fruit sets of 5 to 10 per cent were 
obtained in three varieties of apricot from 7| to 50 ppm (Primer and 
Crane, 1957). Gx^ntetal (1960) used aqueous solutions of 50, 250 
and 500 ppm GA (with 0,05 per cent Tween 20) at full bloom, 
and 8 days later with, almond, apricot cherry, plum and, peach. 
None of the treatments were effective in inducing par'henocarpy: in 
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cherry and plum, GA at 500 ppm, applied twice, brought about par- 
thenocarpic set of 11.8 per cent in almond and 15,5 per cent in apricot. 
Parthenocarpy in peach was induced by all concentrations of GA 
whether they were applied once or twice. Aqueous solutions of 250, 

500 and 1,000 ppm of GA applied as .spray to emasculated J.H. Plale 
peach blossoms promoted parthenocarpic fruit sets of from 53.8 to 
69.3 per cent (Crane fif a/., 1961). Aqueous solutions of GA plus 2,4- 
dichlorophenoxy acetyl methionine (2,4-DM) at 2 days after full bloom 
was effective in inducing parthenocarpic fruit development in Bing 
cherry (Rebeiz and Crane, 1961). Bradley and Crane (1962) reported 
inducement of parthenocarpy in peaches by spraying emasculated 
flowers on large scaffold branches with K GA at 50, 250 and 500 ppm. 

Avocado. Stewart and Hfeld (1951) tried triethanolamine salt and 
isopropyl ester of 2,4-D and butyl ester of 2,4,5-T at various concentra- 
dons. Parthenocarpy was induced by using 2,4-D spray in April. 
Treatment of Fuerte avocado tree with sprays of n-metatolylphthalmic 
acid at 0.25, 0.3, 0.4 and 0.5 per cent increased the number of small, 
.slender seedless fruits. GA (100 ppm) also increased the number of 
seedless fruits (Hield, 1961). 

Citrus. Pomeroy and Aldrich (1943) applied NAA, IB A, IA A, 
furacrylic acid and calcium furoate at the flowers of Washington Navel 
. orange and Marsh grapefruit. The treatments did not increase the 
percentage offlowers setting fruit. Soost and Burnelt (1961) increased 
the set of seedless fruits of Clementine mandarin in the absence of 
pollination. Randhawa ri«!.(1964) obtained parthenocarpic fruit set 
in, grapefruit (60 to 90 per cent) by spraying the emasculated flowers with 
GA ranging from 25 to 1,000 ppm, 

Guava. Balasubramaniyam and Rangaswami (1959) induced pai’- 
thenocarpy in Allahabad Round guava when stigmas of emasculated 
flowers were treated with aqueous extracts of crushed pollen. Rang¬ 
aswami and Kaliaperumal (1960) produced parthenocarpic fruits in, the 
same variety with water and bther extracts of pollen, NAA, NOA and ■ 
2 4-D. They reported indole-like compounds to be present in the 
parthenocarpic fruits. Shamnujavelu et al. (1961) reported ,that the 
-pollen hormone’ in Allahabad Round guava, which can produce 
parthenocarpic fruits appeared similar to lAA. Tcotia et al (1961) 
applied GA in lanolin to emasculated flower buds at 100, 500, 1,000 
and 10,000 ppm. The buds treated at 100 and 500 ppm dropped, 
those treated at 1,000 ppm fell after small fruitlets were formed and of 
those treated at 10,000 ppm two-thirds grew to /uUy ripe fruit. 

Shanmujavelu (1962) ffeated the excised pistils of emasculated 





78 


79 


flowers with KGA in lanolin (8000 ppm) in Allahabad Round, Lucicnow, 
Red fleshed and Seedless guava varieties. All the varieties produced 
seedless fruits, the percentage parthenocarpic sets being 90, 70, 80 and 
80 respectively. GA treatment increased the fruit size in Allahabad 
Round, but decreased in Lucknow and Red fleshed, whereas, the fruit 
size remained normal in Seedless. The parthenocarpic fruits in these 
varieties showed characteristic 6-8 prominent ridge.s on the surface and 
swelling at the calyx end. 


Cucurbits. Good results were obtained in C. moschata hy M.orl 
(1947) when flowers were treated with 0.02 per cent of potassium sali 
ofNAA. Wittwerand Bukovac (1957) were able to induce parthe¬ 
nocarpic fruits to some extent by applying Gibberellin and heteroauxin 
in lanolin, Gonzalez Alonson (1955) treated flowers of water melon 
with several growth regulators but no treatment resulted in complete 
seedless mature fruits. The best results were obtained with 2,4-D follow¬ 
ed by potassium salt of NAA. 



Fig. Blondeau and Crane (1948) and Crane and Blondeau (1949) 
tried to produce parthenocarpic figs by using 25 ppm 2,4,5-T on un- 
pollinated cyconia and obtained fruits which, though devoid of achenes, 
were normal in size, sugar and colour, Later they (1950) obtained en¬ 
couraging results with 4-GPA. Blondeau and Crane (1950) tried a 
number of growth substances and found IBA, NAA and 2,4,5-T to 
be the most effective. 4-CPA was most encouraging because of lack 
of toxicity, low concentration needed, and the comparative low cost of 
the chemical. Crane and Baiskaya (1951) produced parthenocarpic 
figs using 4-GPA and Y-indole-3-n-butyric acid. Crane (1952) observed 
growth regulator specificity in the development of ovary wall in par¬ 
thenocarpic figs. Crane and Campbell (1959) .sprayed fig shoots with 
GA at concentration from 25-1,000 ppm, and then prevented capri- 
fication. A high positive correlation was found between the length of 
new shoots induced, the number and length of internodes and the con¬ 
centrations of GA used. All dosages, except the lowest, produced 100 
per cent parthenocarpic fruitset. 

Date Palm. Nixon and Gardner (1939) attempted to influence 
the development of the ovaries of date, palms by applying growth sub¬ 
stance preparations, but were unsuccessful. 

Tomato. Zimmerman and Hitchcock (1941) found that naphth- 
oxyacetic acid has several advantages in the practical production of 
seedless fruits. Seedless fruits, larger than the seeded ones, were obtain¬ 
ed when BNOA was applied at 0.25 and 1,0 per cent (Gustafson, 1942), 
Treccani (1948) obtained pailhcnocarpic fruits by 10 ppm 2,4-D, but 
at 25 ppm this chemical was found to be exceedingly potent for induc¬ 
ing parthenocarpy (Villariba and Capinpin, 1948). 

Egg Plant. Villariba and ,Capinpin (1943) found 2,4-D at 25 ppm 
to be quite effective in setting fruits. 

Pepper. Gustafson (1941) found (hat NAA at 2 per cent, in 
lanolin, was most effective in producing st’cdle.ss fruits which were some¬ 
what smaller than the normal fruits. 



EFFECTS OF PARTHENOCARPY 

The seedless fruits differ from the normal seeded ones in setting, 
shape and size, maturity, chemical composition and histological details. 
Further, the normal seeded fruits and parthenocarpic fruits exert a pro¬ 
found effect on the other parts , of the parent plant. 

Wong (1940) observed that seedless fruits of normal size could be 
produced with growth substances without objectionable seedcoat in 
some plants and varieties. Gustafson (1940) showed that seedless fruits 
tended to be smaller in size than the normal seeded ones. Rebeiz and. 
Crane (1961) reported that the parthenocarpic Bing Cherry fruits were 
significantly smaller in size than the pollinated controls. According to 
Davison (1960), parthenocarpic apple fruits were smaller and mis¬ 
shapen. Shanmujavelu (1962) got smaller fruits in Lucknow and Red 
fleshed varieties of guava, larger in Allahabad Round and of the same 
size in Seedless due to parthenocarpy. Similar type of varietal diffe¬ 
rences have been reported by Dennis (1962) in apple. Crane et al. 
(1961) also got smaller fruits in peaches but they were elongated with 
longer pit and thick flesh at stem and blossom ends. 

In contrast to these reports. Crane and Blondeau (1942) got parthe¬ 
nocarpic figs of normal size and colour. Crane et al. (1960) obtained 
normal sized parthenocarpic apricot, almond and peach. 

Bredermann (1951) suggested that deformity in some pears may be 
due to parthenocarpy, Luckwill (1960) also obtained elongated fruits 
with excessive puckering around eye in pears. Mis-shapen fruits also 
develop in apple (Davison, 1960) due to parthenocarpy. Ridging and 
elongation in parthenocarpic fruits have also been reported in guava 
(Teotia etal, 1961 ; Shanmujavelu, 1962) and peach (Crane et al, 1961). 

, Fruit-setting. Gustafson (1942) reported that the setting in treat¬ 
ed fruit was at least as high as in the normally pollinated flowers. The 
early rate of growth was faster in the treated fruits. This rate, however, 
slowed down at a later stage. , 

Griggs et al '■ (195D induced all pear flowers in a cluster to set as 
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against 1-3 per cent in control. Luckwill (1959, 1960) increased the 
.set in frost-damaged pear l)y plant regulators. Crane and Campbell 
(1959) obtained 100 per cent parthenocarpic set as against 82 per cent 
natural set in figs, In .stone fruits also the set was raised to 63-73 
percent from 42 per cent in open-pollinated blo,ssoms (Crane rf fl/., 
1960). Boost and Bui’nett (1961) in Clementine mandarin and Crane 
dal (1961) in J.H. Hale peach got greater set by plant growth regu¬ 
lators. 

Contrasting to these, reduced sets of huits have also been reported 
by Hield (1961) in avocado, Dennis (1962) in apple and Crane dal. 
(1961) in Bing cherry. In Bing cherry, only 27.3 to 38,8 per cent fruit 
set could be obtained as against 43.3 percent in open-pollinated 
blossoms. 

Maturity. Advanced maturity due to induction of parthcnocarpy 
has been reported by Blondeau and Crane (1948), Crane and Blondeau 
(1949), Crane (1953) and Basso (1960) in fig, by Crane st al. (1960) 
and Rebeiz and Crane (1961) in stone fruits, by Luckwill (1960) in 
apple and peai’s and byTeotia etal {\%l) in guava.. But Davison 
(1960) observed normal ripening in apple by GA treatment. Besides, 
Gardner and Marth (1937) in holly and Clai’k and Kerms (1943) in 
pineapple noted delayed ripening by NAA treatments. 

Quality of Fruits. Condit found that seedless fruits of Diospyros 
kaki were light coloured and astringent until quite soft and ripe, But 
the seeded fruits were non-astringent even when hard, He further 
observed in 1920 that uncaprified figs had higher sugar content than the 
caprilled ones. Crane and Blondeau (1949) observed that the partheno¬ 
carpic fruits were normal in sugar content, but Basso (1960) found that 
figs were inferior in quality than.those ripened naturally. Davison (1960) 
reported that treated fruits in apple were normal in colour and quality. 
According to Luckwill (1960), parthenocarpic pears were of acceptable 
market quality. The parthenocarpic guavas were found richer in ascor¬ 
bic acid content by Teotia d al. (1961), 

Histological. Crane and Baskaya (1951) observed that the deve¬ 
lopment of achenes in fig cyconia differed when 4-CPA and Y-IBA were 
used. In the former, the endocarp of achenes remained parenchymatous 
instead of getting sclarified as in normal case, When the latter was used 
the achenes had no endocarp, Crane (1952) ob.served three distinct 
deviations from the normally developed cyconia when he used benzo- 
thiazole-2-oxyacetic acid : (i) achenes with no endocarp, (ii) achenes 
with unsclarified endocarp, and (iii) the completely sclarified endocarp. 
Embryos wei’e absent in all the three types of deviations, 



Primer and Crane (1957) explained that pai'thenocarpic fruits bad 
fewer cell layers and smaller cells and as a result their average diameter 
was only 40 per cent of the fertilized fruits in apricot. 

Other Effects. Besides, the chemicals sprayed to induce partheno- 
carpy may have some abnormal, undesirable and epinastic effects on 
the plant. They are : (a) leaf chlorosis and their epinastic deformations 
(Plield, 1961) ; (b) deformation of fruits (Bredermann, 1951 ; Davison, 
1960; Teotia d al, 1961 ; Shanmujavelu, 1962); (c) long shoot formation 
from spurs of cherry and plum, and internode elongation in peach by GA 
(Crane d al, 1960); and (d) premature softening of parthenocarpic 
fruits by the formation of fragile carpellary wall 

USEFULNESS OF CHEMICAL-INDUCED PARTHENOCARPY 

Overcoming Limitations of Fruit-set. Set in fruit crops is 
affected by all those factors which affect pollination and fertilization. 
Self unfruitfulness due to unisexuality, self-incompatibility, dichogamy, 
deistogamy, etc,, necessitate cross pollination and thus the pollinators 
and pollinizers are often used, The activity of pollinators is also affected 
by environmental condititions. To get compatible and proper pollinizer 
is difficult and sometimes uneconomical. In fruits like the fig special 
type of pollination is accomplished, fertilization may fail to take place 
due to many reasons. Fruit set is also affected by lack of nutrient 
material. This is clear by the findings of Dikshit (1958) where decrease 
in the number of leaves affected the set and size of pineapple fruits. 

Luckwill (1959) suggested that GA is most effective to induce fruit 
set on frost-damaged pears. Abott and Luckwill (1962) stated that from 
economic point of view interest centres around the possibility of induc¬ 
ing parthcnocarpy in certain fruit crops by means of sprays of growth to 
substances as an alternative of pollination. And he adds that the value 
of fruit-setting .sprays is primarily as an insurance against disasters 
(frost damage, high temperature and insect damage) ratlier than as a 
substitute for normal pollination. 

Shortening the Time of Maturity. Blondeau and Crane (1948) 
explained that 2,4,5-TP raised the hormonal level in the plants to such 
a point that the mobilization of stored reserves in friiik was almost 
immediate and thus figs matured in 60 days as against 120 days period, 
required normally. 
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CHAPTER IX 
GIBBERELLINS 
INTRODUCTION 

Gibberellins, a group of naturally occurring growth regulators, have 
aroused the interest of the horticulturists because of their spectacular 
effects on plants. These compounds strikingly stimulate the growth of 
many plants, promote flowering in some case.s, and cause a variety of 
other interesting morphological and physiological responses. Their u.sc 
opens up new avenues of approach to botanical problems, and many of 
their effects promise to be of economic importance in agriculture and 
horticulture. Though these substances have a long back history, it is 
only within the last ten years that the growth-regulating properties of 
the gibberellins have attracted the attention of the horticulturists all 
over the world. 

DISCOVERY OF GIBBERELUNS 

Gibberellin was first discovered Ity late Elichi Kutusawain 1926 
in Japan. A rice disease attracted his attention because of the ]jeculiar 
fact that diseased plants often became 50 per cent or more taller than 
their healthy neighbours in the initial stages of the malady, ITorath is 
characteristic the colloquial name ‘bakanae’ was derived. The malady 
is due to a fungus whose sexual form is known as Gibhmlkfujikuroi and 
the more common asexual stage i.s known as Fmmium monilifome. 

Kurosawa postulated that some metabolite of this fungus might be 
responsible for the .stimulated seedling growth and in 1926 he succeeded 
in obtaining a filtered fungal extract which caused growth .stimulation 
ofboth rice and maize seedlings. Thereafter, a number of Japanese 
chemists tried to concentrate and piuify the .substance, but Yabuta and 
Hayashi fmst isolated a highly active cry.stalline substance in 1939 and 
designated it as 'Gibberellin A’ (Bvian, 1961). 

CHEMISTRY OF GIBBERELLINS 

After the discovery of gibberellins, preliminary work was started in 
Japan to find out its chemical nature and structural formula. Cro,ss 
(1954) reported that the Japanese studies fir,st established the nature of 
gibberellin skeleton I)y showing that , gibberene was obtained by selenit 
dehydrogenation of gibherellras, A, B or gibberic acid. 

After intensive research in this regard it was soon I'ealized that the 
original Japanese gibberellin A was a mixture and that the first pure 
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gibberellin was called gibberellic acid by Imperial Chemical Industries 
group (Cross, 1954j. Simultaneously, tfrom he Biological Warfare 
Centre at Camp Detrick, Maryland (U.S.A.), two gibberellins were re¬ 
ported, one named gibberellin, which was similar to gibberellic acid, 
and the other was similar to Japanese gibberellin (Stodoia et al, 1955). 

The general properties of gibberellins as given by Phinney and West 
(1960) in their elaborate review are stated in the following table. 

GiBEEBELLntS FEOM CULTUEE FiLTEATE OF ClBBEEBLLA FUJIKUEOI 



Name 

Other names Molecular 

formula 

Molecular 

weight 

M.P. 

Gibberellin 

Ag 

Gibberellin X CigHgjOa 

Gibberellic acid 

346 

232-235“ 

Gibberellin 

Gibberellin A CigHgiOg 

348 

255-268“ 

Al 

Dehydrogibberellic 

350. 

- (dec) 

Gibberellin 

Ag 

GigHgeOg 

350 

-(dec) 

Gibberellin 

A4 

Q9H24O5 

332 

220“ 

(dec.) 


The different Structural formulae of the four gibberellins obtained 

from the culture filtrate of GJujikuroi as reviewed by Phinney and West 
{I960) are shown herein. 


The English group has advanced structure I and II for GA 3 and 
GAi, respectively, while the Japanese group has proposed stimetures III 
and IV for these compounds. The , Japanese have also advanced struc¬ 
ture V for GAa and structure VI for GA 4 . 


After the discovery of GA 5 , Mac MiUan et al (1960) proposed the 
! 5 tructureVIIfor Gibberellin A 5 . , But as a result of further research 
now, as many as six gibberellins from the fungus G. have been 

reported and these are gibberellin Ai, A^, Ag, A4, Av and Ag ,(Gross 
et aL 1961). 


There is a difference of opinion in the structures of GAg and GAj 
Detween the English group and Japanese group relative to the, position,. 
Df lactone ring in ring A (Phinney and West, 1960). Brian et al (1958) 
‘eported that the complex lactone ring present in the structure of gib¬ 
berellin seems to be essential for biological activity, since the TOtency 

is lost when it is opened and gibberellic, acid is formed. Gibberellin 
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Ai has been shown to be dchydrogil)l)ercllic acid. GAi and GAi are 
chemically closely related to GAi and GA 3 . 

or all the gibberellins, only gi!:)i)erellic acid is produced Ity the 
fungus in more than trace amounts, but now an industrial fermentation 
proces,s has been developed which produces gibl)crdlic acid in high 
yields. It is gibberellic acid (GAs) [troduced in this way which is being 
used in nearly all the horticultural expej'iments. 

EVIDENCE OF GIBBERELLIN-LIKE SUBSTANCES IN PLANTS 

Previously the conception was tiiat tlie gildjcrellins were only 
a,s.sociated with the fungus G'. fujikuni. T’he recent ttJchniqucs sucli tis 
chromatography, fluorescenci; properties, and Iriogrowth response with 
phinney maize have enalded the research workers to isolate gibberellins 
from a number of flowering plants. 

Radley (1956) rc])orted tliat nint! different plant genera, nipresent- 
ing seven families, have given .same growth-stimulation as by gibb(;rellins. 
Mac Millan and Suter (1958) were able to isolate gilrbta'ellin Ai in .small 
quantities from immature sf:cds of Phasenlux nmltillimix. After further 
research, Mac Millan el il (1960) reported frtur tyiie.s of gibberellins, 
namely GAi, GAg, GAu, and GAs from the seeds of P, mulliflormL 
West and Plunney (1959) extracted a sultstanca! from immature seeds of 
P. mlgaris L. which .subsequently was .shown tr) i)e idemhial with gil)- 
Imrellin Ai. They further obtained a second sul).stanee from extracts of 
immature seeds of P. vtdiiarb, which had giltherellin like properties I)ut 
difiered in chemical and physical properties from tlu: reported fungal 
gil.)berellins. Hence, they named it GAj. I'he yields of gibberellins in 
all these cases were from 0.2 to 1.0 mg per kg fresh weight of (he plant 
material. 

, Summary of the .sources of known gil)bercllins 
Gibberellafujikuroi Ai Aj A3 Ai A7 Ai* 

Phaxedus vulgaris (seed) Aj Ag 

P. muUiJkus (seed) Ai Ag Ag As 

Gitnis umhuii Aj 

METHODS OF APPLICATION 

Several methods of gibltcrellin application have htien adopted l)y the 
re,search workers of which tin; following may Ite mtaitioned. 

liquid Sprays. Thi.s is the most convenient mcliiod and i.s 
generally followed. Gibberellic acid is .soluble in water only to the 
extent of 6,000 ppm, A. stock solution is prepm-ed by di.ssolving one 


gram in 95 per cent ethyl alcohol with 0.1 per cent Tween 20 and 
diluting with water to make one litre of solution. Dilutions are ])repared 
from this stock solution, Gibberellic acid generally contains 91 per cent 
active constituent. 


When a wider range of concentrations are required, potassium 
gibberellate (82 per cent ai), which is completely water soluble, may be 
used along with the wetting .agent. 

Lanolin Paste. This is an easy way to obtain a systematic appli¬ 
cation. A 1 per cent paste is prepared by placing 12.5 mg of Ae 
gibberellic acid into a, small vial, then dissolving the acid by warming 
it with seven drops of a spreader and finally mixing it with one gram of 
melted lanolin. 


Aerosols. Aerosols produce a dry spray over the entire plant 
leaving no powdery re.sidue. The advantage of this method is that 
gibberellin is stable in the .solvents used in aerosols, while it loses its 
activity when stored in contact with water. This method is also econo¬ 
mical in case of a limited number of plants to be treated. 

MORPHOLOGICAL, PHYSIOLOGICAL AND HISTOLOGICAL 
ACTION OF GIBBERELLINS 


Cell Elongation. The typical action of . gibberellin on higher 
.ants is the stem elongation. Growth promotion is restricted to young 
ssues only, mature tissues are not influenced. 

In general, rapidly growing herbaceous plants require only^low 
nount of gibberellin and optimum level of fertilizers, especially 
ilTOgen, for increased elongation (Pixone, 19.58). Bukovac and 
/itlwer (1956) reported that gibberellic acid or gibberellin at the rate 
M 0-20 mg per plant resulted insignificant elongation 0 ^ mternodes 
I pea, bean, tomato, pepper, sweetcorn, summer squash, cucumber, 
ttuce and cabbage grown in soil or solution cultures. Rappaport 
957) reported that gibberellin (25-40 mg/plant) induced .stem elon- 
ation in tomato accompanied by an increase in fresh and dry weight 
f plants. Boost (1959) found that 30-60 mg/plant of gibberellic acid 
A) application to the fourth expanding leaf of tomato plants of a 
warf variety and of a normal variety produced significant^ mcrcases^^in 
■em elongation in both cases. Armstrong .(1958) reported that radish 
tated wkh 1,10 and 100 ppm of gibberellin showed increase m heigh 
,ut produced polar leaves curled at the edges. According to Pan ... 
1956) 49 kinds of plants treated with GA developed longer mternodes, 
ome with very thin thread like stem, while the others with stems of 
rcater diameter than those of control plants. 
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Kalmos (1957), Richardson (1958) and Butcher and Street (1960) have 
cited examples in contradiction to this belief. GA has been found 
to enhance the growth of the main axis and laterals of excised tomato 
root placed at low sucrose concentration. But higher dosage retard 
the elongation of roots of gei'minating seedlings of many species. 

A few years back it was considered that GA increases the length of 
plant parts by cell elongation but recently it has been proved that 
gibberellic acid effects both cell divi.sion and cell elongation. Sachs 
and Lang (1961) and Basford (1961) have proved in Hyoscyamus niger 
and Smicio spp., respectively, that in sub-apical tissues of these plants 
growth occurs by cell division, Response to gibberellins in terras of 
cell elongation and cell division, depends upon the nature of tissue 
and the balance of different kinds of growth substances. GAhas been 
found to increase the cell wall plasticity, thus creating w'atcr diffusion 
pressure deficit, which re.sults in water uptake, thereby causing cell 
elongation, 

The,promotion of internodal elongation by gibberellin promises to l)e 
of some practical use. For example, gibberellin treatment has mcrea.sed 
the yield of hemp but not the fibre length (Lona, 1956 ; Hayashi and 
Murakami, 1958), If fibre length can be influenced in crops like 
flax or cotton, such treatment could be of considerable economic value, 

^ ^Induction of Flowering. Another property of gibberellins is their 
ability to induce flowering in some species. Different species have 
definite requirements of specific day length which mu,st be met before 
they will form flowers, The first evidence of the induction of flower¬ 
ing is .shown by Lang (1956) in Hyoscymus by application of 
GA in environments under which flowers otherwise never would have 
formed. 

Wittwer and Bukovac (1957) reported that leaf and head lettuce, 
endive, radish, mustard, spinach and some other long-day annuals when 
grown under non-inductive.short photoperiod,s .showed marked Increase 
m stem elongation and were induced to flower and produce .seed by 
gibberellin. In long-day plants, grown under short clays, a single 
spray of 100 to 1,000 ppm or 20 to 100 micrograms of gibberellin per 
plant at various .stages of .seedling growth induced flowering, in .some 
cases while in others repeated treatments were required. Flowering in 
several plants having an obligate short-day requirement, gi-own under 
long days, has not been induced with GA (Wittwer cid, 1958), They 
further reported that the effect of gibberellic acid on flower formation 
in many other facultative and obligate .short-day plants as well as short 
day-long, day species grown under inductive and non-inductive short 


days have by no means resolved and interesting relationships have yot 
to be established. Lona (1956) has reported that in some short-day 
plants gibberellin inhibits flowering. But, Lincoln and Hamner (1958) 
have shown that in some short-day plants it increases the amount of 
flowering without being able to initiate flowering. 

In biennials, the need for cold treatment (vernalization) is essential 
to induce flowering. Lang (1956) discovered that this requirement could 
also be eliminated by gibberellin, Bukovac and Wittwer (1957) report¬ 
ed that several biennials, like carrot, beets cabbage, kale and collards, 
grown at temperature's (10°-30°G) slightly above normal were induced, 
to flower with foliar spray of 100-1,000 ppm or weekly dosages of 100 
micrograms of gibberellin to stem species. At temperature between 15 
and 18°G, gibberellin induced flowering in carrots. However, this is 
not invariably the case, since over-wintering grains and other plants 
have not yet responded satisfactorily (Lang, 1956). 

Earlier flowering as a result of gibberellin treatment has been 
observed in plants which are photosensitive as well as in some day 
neutral species (Rappaport, 1957). In the latter case, flowering may 
result as a consequence of the plant’s reaching optimum size more 
quickly., 

Harda and Nitsch (1959) reported that application of GA induced 
early flowering in Japanese chrysanthemum. Gibberellin applied as a 
foliar .spray at 10 to 100 ppm hastened flowering by 10-14 days in 
petunia, larkspur, English daisy, China aster and gerbera (Lindstroni 
el al, 1957), 

So, GA has been observed to induce flowering in long-day plants 
when grown in short-day photoperiod and removes the cold require¬ 
ments of some biennials. This has been explained by Brian (1959) who 
mentioned that GA-like hormone which was not itself florigen was 
produced by precursor in light period and in dark period. GA-like 
hormone again reverses to precursor. However, in short-day plants when 
grown under long-day photoperiods, more quantity of GA-like ^hormone 

is produced which is not conducive to flowering. 

Leaf Expansion. Paul et al (1956) have reported that in pea, bean,: 
tomato, pepper, sweet corn, summer squash, cucumber, lettuce and 
cabbage plants when treated with GA-at 10-20 mg/plant the leaves 
])ecorae broader or elongated. Similarly, it has been reported from 
Australia that gibberellin applied at the rate of one to four ounces per 

acre increased the leaf growth and dry matter yields of the first cutting 

of herbage but did not appreciably increase the yield for the whole year, 
Due to the expansion of the leaves by gibberellm application, the photo* 





synthetic area is increased which subsequently heightens the total harvest 
of the crop. 

Breaking up Dormancy of Plants and Seeds. Some plants 
cease their growth in the fall and do not resume it until a definite cold 
treatment is provided, But there are reports which state that spraying 
with gibberellins fulfills the cold requirement and helps plants to resume 
their growth. 

Paterson (1957) reported that the dormant potato tubers can be 
made to sprout by soaking in an aqueous solution of GA at 25 ppm 
for 1-| hours. Lippert etal (1958) reported that such treatment was 
effective even when applied to the parent plant before harvest. Simi- 
k'ly, grass can be induced to sprout during cold periods, during 
spring or fall, when normally no growth would occur (Leben and Barton, 
1957), 

Many seeds require a period of ‘after ripening’ or cold treatment, 
or exposure to light, or some other factors or combination of factors 
before they will germinate. These requirements have been eliminated 
in certain cases by the action of gibberellin, which annuls the light 
requirement of lettuce and tobacco seeds as reported by Kahn et al 
(1957) and Ogawara and Ono (1957), Gray (1958) reported that 
Gibberellin spray annuls the cold requirement of .peach seeds and accord¬ 
ing to Kribben (1957) it also fulfills the light and stratification require¬ 
ments of arabidopsis seeds and induce them to germinate,, Frankland 
and Warcing (1960) reported that GA at 0.1 mg/1 had induced hypo- 
cotyl elongation in lettuce seeds under dark conditions. Blumenthal 
dal (1960) stated that endogenous growth substances like coumarin 
have been found in dry lettuce seeds in quantities greater than other 
mature seeds, but below the levels found in immature seeds but he 
failed to establish any relationship with GA activity. Hence, this deve¬ 
lopment has immediate horticultural utility as it eliminates the waiting 
period between generation of plants. 

Parthenocarpic fruit development in peach had been reported by 
application of GA (Crane d al, 1960). Four concentrations of GA 
(2^ 50, 100 and 15() ppm) and three of thiourea (2,500, 5,000 and 
10,000 ppm) were tested for their influence on the germination of peach 
' seeds. These treatments were given in combination with three chilling 
temperatures of 4°, 8° and 10°G and four stratification periods of 7, 14, 
21 and 28 days, GA at 150 ppm resulted in, higher percentage germi¬ 
nation of peach seed as compared with its other concentrations. The 
medium level (5,000 ppm) of thioinea was more effective than .either of 
the lower (2,500 ppm) or the higher level (10,000 ppm) in increasing the 


germination percentage of peach seeds (Singh d al . 1966). 

Germination of Seed.s, Rao d al (1963) soaked .seeds of Mmia 
Mm in solutions of GA at 10, 25, 50 and 100 ppm for 24 hours after 
pre-soaking in water, and their germination was compared with that of 
seeds .soaked in water alone. In all cases, tiie germination rate was 
accelerated, the germinatinri percentage was increased and length of 
the seecliing.s after 12 day.s growth was greater. The optimum GA 
concentration was 50 ppm with which 94 per cent germination was 
obtained. Gray (1957) reported that the .seeds of peas, .sweet corn, bean, 
beet and tomato when coated with a GA-methyl cellulose (0.4, 0.2, 1.0 
and 5.0 per cent) shinny, dried and planted, the seedlings come up 
faster and grow taller than seedling.5 frop the untreated seeds. Un¬ 
doubtedly this behaviour of gibberellin has got some practical implication 
in the field of horticulture. 

Fruit Setting and Fruit Dsvalopment. Hield aid. (1958) re¬ 
ported that in Beress lime 100 ppm GA increased the fruit set to maxi¬ 
mum over control without any difference in fruit ,sixe, percentage of 
soluble solids and juice but in pAireka lemon and Washington Navel 
orange 1,000 ppm of GA increased the fruit .set to maximum. Weaver 
(1958) reported that application of GA gave increased fruit set in 
Thompson seedless grapes. Berry size of Black Corinth grape was 
enlarged when clusters were dipped in solution of 5-500 ppm of GA, 
Krishnammthi r/n/, (1959) reported that GA has got positive effect in 
increasing the fruit set in Pnsa Seedle.ss, Kononov (1960) reported that 
immersion of the inflorescences at th e beginning of flowering for 20-30 
second,s in 0.0025 per cent of GA solution in water improved the fruit set 
and increased the sugar content of grapes. 

Rappaport (1956,1957) reported the increased fruit set in tomato 
plants by gibberellin spray (1-500 ppm) hut fruit sizes and development 
were unaffected. Liverman and Johnson (1957) reported that .spraying 
the summer dormant fruits of tomato with gibberellins (25 ppm) five 
times on alternate days resulted in an appi'e(4able mimbcr f)f enlarged 
fruits, But, according to Rappaport (1960) temperature has a pro¬ 
nounced effect on the enlargement of , the tomato fruits from. flowers 
either at the coolest (IRC) or warmc,st (23®G) night t'emperatiire,.s 
but it .strikingly reduces fruit size at an optimal temperature (17®G). 
Bukovac and Wittwer (1957) have reported normal fruit development 
in carrot, beet, calibage, etc. by 100-1,000 ppm gibberellin application. 

Induction of Parthenocarpy. Crane (1958) obtained 96 to 100 
per cent parthenocarpic fruit .set in calymyrna fig with 1,000 ppm GA. 
Gmt stal (1950) reported that GA at 50, 250, 590 ppm induced 
parthenocarpy and higher set in case of peach. 
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Similarly, parihcnocarpic development of vegetable crops such as 
tomato, brinjal and ciicumlters have been reported by many workers. 
Wittwer and Bukovac (1957) reported the parthenocarpic fruit develop¬ 
ment in Splamm mdotigetm L. Parthenocarpic fruit development in 
tomato by the application of gibberellin at IQ-^ to l(}-= per cent in lano-. 
lin paste has been reported by Wittwer el nl. (19o7). 

'Sex Expression. Cfalim (1959) reported that GA at l-lOO ppm, 
applied to cucumber plants, induced a marked change towards maleiutss, 
According to Paterson and Anhder (1960), 2,000 ppm GA induced 
the formation of stamiiiate flowers in gyiiaccious cucumiter vines, 
Chaudhury and Phatak (1959) observed that spraying of 10 ppm GA 
induced marked reduction in the number of male llowers and increase 
in the number of female flowers was 106:1 in treated a.s compared to 
323 : 1 in control, 

Effect on Metabolism. Melaltolism clTccts ofilie giljbcrdlins 
have been .sought since long past but no dear cut association with any 
metabolic pathway has yet Iteen estaldished. ' Analysis has, liowever, 
shown the greatest changes among carbohydrate constituents (Wittwer 
eUL, 1957), 

Wittwer rU/. (1958) concluded that by proper timing of GA treat¬ 
ment the photosynthesizing surface could be increased and might result 
in the accumulation of greater cpiantities of sucrose in sugar-producing 
plants like sugar beets and sugarcane. Another obvious effect reported 
is the reduction of chlorophyll content accompanying the chlorosis 
caused by higher dosages of gibberellins. 

Burk and Tro (1958) observed increased nicotine after spraying witli 
gibberellin and hence they assumed that it was an indicative of some 
fundamental dislocation of nitrogen metabolism which was not reflected 
in the nitrogen fraction determination. 

Goulombe and Paquin ‘(1959) have reported; that tomato foliage, 
entirely or partially sprayed with GA solution, showed 1 or 2 hours later 
a rapid increase in respiration, photosynthesis and transpiration, 

Root Growth. Various experiments have suggested that gibberel¬ 
lins have no effect on root growth. Experiments on rooting , of cuttings 
are most conclusive and dearly show that , not only root initiation, is 
inhibited by gibberellin, but that the stimulation of rooting caused by 
auxin is counteracted (Kato, 1958) 

However, growth of roots , of some genotypes of maize ,is reported to 
have been stimulated by GA,(Whaley and Kepliart, 1957), , So the ques¬ 
tion is still confusing, and needs further iiu estigation.,,, 


Hyponasty of Leaves. Several workers have observed that the first; 
indication of the eflectiveness of application of gibberellin is a change in 
the angles of ( he leaves in relation to the stem. It is reported by Lert 
(1959) that treated clirysanthemunis hold their leaves more errect. 

Cell Division, It was thought earlier that gibberellin does not take 
part in cell division but Sachs and Lang (1957) have observed an in¬ 
crease in cell division in less than 24 hours in Hyoscyamus induced by 
gibberellin to form a flower stalk, Chandler (1957) has also reported that 
the anthers of Allium cepn, treated with GA, divide rapidly as compared 
to control, 

inter-relations between auxins and gibberellins 

The experiment conducted by Kusc (1958) on sweet potato petiole.? 
indicated that giblierellln did not promote petiole elongation in the 
absence nfaiixin but was strongly .stimulatory in the presence of endo¬ 
genous or applied auxin. .Stuclie.s of Brian and Plamming (1958) and 
Radley (1950) on pea .stem sections showed that GA was dependent on 
its action f)r lAA. However, auxins bring about effects even in the 
absence ofGA, It could then be regarded that GA behaved more as 
an auxin adjuvant than an auxin. But in case of root initiation, GA 
had no effect, which .showed that, mechani,sm of GA action was more 
complex and interactions of GA and auxins were more complicated. 

Brian J1959) had put a liypoilie,sis that GA removed the effect of 
inhibiting system and thus released more potentiality of endogenous 
auxins. . , 

Thus it may be concluded that growth regulation is dependent upon 
the balance of GA, auxins and growth .inhibitory system. Though 
there are some similarities in the action of' gibberellins and auxins on 
plant's, they were distinctly different in many respects which are sum¬ 
marized below: 


SlM'lLAlUTHS.S AND DIl't'lilRtSNCrGS ,IN ACTION ON PLANT,'! BETWEEN 
AUXINS .AND GIBBERELLINS 


Plant resimne 

Gibberellin 

Auxin 

Transport polar 

No 

, Yes 

Promote root initiation 

No 

Yes 

Inhibit lateral buds 

No 

Yes, 

Delay in leaf abscission 

No 

Yes 
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Overcoming the genetic and physiological 
dwarfism 

Yes 

No 

Promote seel gennination and breaking of 
dormancy 

Yes 

No 

Induction of flowering of long-day plants iind 
biennial plants 

Yes 

No 

Promote elongation of cells 

Yes 

No 

Induction of parthenocarpy in certain un¬ 
fertilized ovaries 

Yes 

No 


Application ofgibberelllns to seeds, soil or growing plants for in¬ 
creasing crop yields, other than fruits, has been generally disappointing, 
In comprehensive field trial by Morgan and Mec,s (1958) with wheat, 
potatoes, turnips, carrots, peas, runner beans, lettuce, celery, black 
currants, kale and maize, treatment with gibberellic acid'failed to in¬ 
crease yield, Grass is the only crop so far reported to show yield in¬ 
crease from application of gibberellin, but this treatment had no ad¬ 
vantage over fertilizer application for increasing the growth except in¬ 
spring or autumn when the action of fei’tilizer was slow (Wittwer and 
Bukovac, 1958), So the main application of gibberellins is still in the 
field of horticulture. 

Role in Pomology 

Apple. Golden delicious apple trees treated tvith GA formed 
more flower buds than control, whereas on percentage basis, the flower 
buds were lower than in control It may , be concluded that the en¬ 
hancement of the growth of the shoots (both main and, lateral shoots) 
by GA treatment corresponds to a relative decrease in the capacity of 
the buds to form flowers (Marcelle and Sironval, 1963). 

Peach and Pear. GA at 80 and 1,000, ppm applied in late August 
and September were effective in increasing bud hardiness of Elberta 
peach. Application in November reduced hardiness. Blossoming was 
delayed up to seven days in appearance (Proebsting and Mills, 1964), 
Griggs and Iwakari (1961) observed that application of GA at 10-50 
ppm reduced fruit abscission in Bartlett pear. 

Strawberry. ,The plants of Piisa Dwarf Early strawberry plants 
were .sprayed with aqueous .solutions of potasiiium salt of GA (5 and 10 
ppm). GA sprays increased the height of plants, length of peduncle 
and fruit bud formation significantly over rest of the treatments includ¬ 
ing control. GA (5 and 10 ppm) increased the total yield per plant 


by 48 and 62 per cent respectively over control without adversely afleet- 
ing the fruit quality (Singh and Randhawa, 1959). In the second trial, 
Singh et al (1960) applied GA at higher concentrations (25, 50, 75 and 
100 ppm) 26 days after toansplanting plants. Flower formation was 
hastened by 25 to 31 days and crops matured earlier by 19 to 23 days 
when sprayed with GA as compared to control. The duration of har¬ 
vest was also prolonged to 34 to 38 days against 22 days in control, 
GA sprays increased both early and total yields significantly. These 
studies indicate the practical value of GA at 75 ppm for extending the 
period of availability and for improving early and total yields in Pup 
Dwarf Early strawberry, Turner (1963) found that all toeatments pf 
GA (12,5, 25, 50 and 75 ppm) to strawberry plants accelerated flowering. 
Ripening was accelerated by several days particularly and higher con¬ 
centrations of GA, and the effect was greater with repeated applications. 
Total yields were not significantly improved but the number of berries 
increased with increasing concentrations. At the double and triple 
applications of 50 and 75 ppm, the fruits were elongated and sub-, 
standard. 

Blueberry. GA at 20 ppm resulted in parthenocarpic fruit set, 
inthelowbush blueberry {Vacciniim angusHfolium Ait.). The chemical 
must contact the flower directly from shortly before the blossom opens 
to petal drop. Field trials have not demonstrated the effectiveness of 
this compound in economic fruit production (Collins d al, 1966). . 


Citrus.' Randhawa and Singh (1959) reported that application of 
GA at 100 ppm showed manimum increase of growth, length and fresh 
weight of citrus seedlings root-stock. 

Randhawa et ri,(1959) further reported that GA (10 'pF^n) increas¬ 
ed fruit set and reduced the fruit drop significantly in sweet lime. 

The number of fruit per tree increased as a result ofGA (10 ppm) 
sprays to an extent of 111.11 per cent over control Soost and 
Burnett (1961) reported that application of potassium gibberellate at 
100-500 ppm improved fruit set but resulted in decreased yield due to 
limited cross-pollination in Clementine mandarin. Randhawa and : 
Sharma (1962) reported that fruit set was the highest in Jaffa orange 
(68,47 per cent) by GA at 100 ppm, and in Pineapple orange {63.49 
per cent) by GA 75 ppm. GA (50 ppm) in Jaffa and GA (75 ppm) ^ 
in Pineapple significantly reduced the ‘June drop’ over conti’ol. 


Dhuria and Randhawa (1963) found that GA at 25, 50, and 100 
ppm increased the germination of sweet lime pollen but decreased it 
in grapefruit as the GA concentration was increased, Pollen tube 
eiowth increased in both the species with GA ixcafment and was^ grea- 
Lt at 100 ppm, Thomas (1963) found that each application of 
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GA was followed by an immediate spurt of activity reflected by stem 
elongation within a month of treatment. Increase in stem" diameter 
was more or les.s on tlie pattern of the increase in stern height, There 
was an increase in the number of leaves following" GA treatment, the 
elTect being more pronounced at higher concentrations. The .shape and 
size of leaves were not inijncnced. GA at lOG ppm re,suited in injury 
of apical meristematic regions of [ninimelo seedlings, 

Randhawa el cil (1964) found that GA ti'ealnicnts (25 to 1,000 ppm) 
induced parthenocarpic fruit set iti gTapel’ruifand mandarin oranges. 
The percentage of fruit set and fruits harvested in grapefruit increased 
with the concentrations of GA, whereas in maiidaiin the fruits dropped 
before maturity. Acidity and total reducing sugars were generally 
increa.sed in parthenocarpic grapefruits. However, GA art all concen¬ 
trations increa.sed the fruit size of grapefruit appreciably., Randhawa and 
Dluiria (19(55) further observed that GA (.500^ 750 and 1,000 ppm) ex¬ 
hibited significant increase in fruit set in sweet lime. Coggins ei d, 
(1963) noted that GA (5 to 20 ppm) reduced the, susceptibility of Navd 
Orange rinds to a physiological disorder termed ring .staining, 'riiis ‘ 
condition is associated with mechanical abraision of the rind and is 
generally more serious iflhe crop is harvested late in the sea,son. The 
results indicated that a minimum of alrout one mouth must elapse between 
application and reduction of susceptibility. The material should be 
applied alter the marketable colour has developed. The resistance of 
the Navel Orange rind to rupture by a small penetration tip was 
evaluated for an 8-iii.on(h period that l)egaii about 2j months before 
the start ol harvest and ended one month after the season.' Treatments 
of KGA applied to green-eoloured fruits in October or to orange colour- 
ed fruits (January-March) caused the rinds to be more resistant to 
puncture. The treatment on January 4 and February 21 caiised the 
fiuits to become more reSnstant than they were at treatment time, 
while the two others treatments re,suited in , a much sJow'er decrease in 
resistance. . 

Elastic and plastic properties of the rind changed with time and 
were also influenced by KGA. When Navel oranges age on the tree, 
the rind surface riiay become plastic and sticky.. This condition Was 
markedly reduced or eliminated by KGA (Coggins and Lewis, 1965), 

Grapes, Stewart £ (1957) reported that in Thompson Seed¬ 
less grapes a single application of either 10 or 100 ppm of GA resulted 
in, fruit bunches ,50 per cent larger than normal. Increase in sugar ' 
content and decrease in acid content were observed in treated berries; 
Weava’ and McGime (1958) also observed an increase in berry size in 
Black Corinth variety when sprayed with 5 ppm GA. Thompson Seed- 


I le,ss vines gave longer clusters with 10-50 ppm of QA applied at pre- 

bloom stage. Krislinamurthi el d. (1959) applied aqueous .solutions 
j of GA at 10, 25 and 50 ppm to flower clusters of Pusa Seedless grape. 

I The fruit set was increased significantly at lower concentration, Appli¬ 

cations at higher concentration (50 ppm) resulted in thinning of flowers 
and reduction of fruit .set, liut produced highest average weights of both 
the bunch and the berry with increase of 223.13 and 139.43 per cent, 
re,spectivc4y, over the control. The treatments, in general, tended to 
elongate the shape of the berry and did not eflect adversely the high 
quality of the Pusa Seedless grape. Manankov (1960) ob.servcd more 
parthenocarpic development of the lierries with the application of 10 
i^g/gGA, Early ripening of the berries of Chanch and Nimrang hy 
10 to 20 clays was observed by treating their flowers twice with GA'. 
Venkataratnam (1961) reported that pre-anthesis application of GA at 
40 ppm produced significant increase in the size of bunch and berry 
Jk of Anab-e-Shahi grape. Application of GA to seedle,ss varieties of 

V.ldruscaL &\io increased berry and cluster size in Concord and 
Interlaken (Shaullis, 1959), But, he found very little increase in number 
and weight of berries of seeded varieties. Berries of seeded variety 
Delaware matured 15-20'days earlier than untreated berries when the 
clusters were sprayed 10-20 days Irefore full bloom, All the berries in 
the treated clusters were seedless and larger than the untreated seeded 
l^erries, 

, i , Weaver (1961) stated that the response of , grapes to exogenous 

■ I gibbcrellins will essentially occur naturally under suitable environmental 

I conditions, Endogenous gibberellins have been found , in the berries 

I of .seedks grape,s, GiWrerellins can act as a pollenicide when applied ^ 

j at pre-blossom bloom stage. Commercial uses lor gibberellins on grape 

■ j include elongation of, cluster part to decrease rotting, enlargement of 

I berries and increasing berry set. 

I • Hartmair,and Hobi (1963) noted that spraying vine cuttings with, 

i GA always resulted in shoot elongation, but considerable varietal varia-. 

;j ' tion was noted. GA inhibited root growth except in the case of 

I Veltliner Grim, on which four spray,s with 100 ppm GA promoted root 

I growth. Grafts of RheinriesHng on Kober 5BB treated with 0.04 per 

j cent Gibboe showed better callus formation than the controls.' Treat- 

j ment of inflorescence buds resulted in earlier flowering and increased 

I fruit drop in moiit varieties. Veltliner Rot,, how'ever, responded diffe--' 

I . rently from, other seeded varietie,s, being less sensitive to GA and early 

^ , treatment of the inflorescence, increasing the size of the-berries and 

■ reducing fruit drop. Dipping Delaware grape clusters in 100 ppm GA 

>1, at pre-bloom ahd, again, at post-bloom resulted in an average, of; 88, and 
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95 per cent seedless berries in 1963 and 1964 respectively, and advanced 
maturity by about 28 days. The seedless berries enhu’ged to neai'Iy 
normal size. Cluster sprayed pre- and post-bloom in 1964 produced 
94,7 per cent seedless berrie.s. Dipping at pre-bloom only induced 
seedlessness and advanced maturity, but the berries remained small, 
Dipping at po.st-bloom only resulted in 10 and 4G per cent seedless 
berries in 1963 and 1964 respectively, GA treatments tended to lower 
the sugar-acid ratio of seedles.s berrle,s (Clore, 1965), 

PKalsa. Sprays of GA (10 ppm) markedly increased fruit set in 
pimha. The fruit set, however, decrea,scd with the increase in concen¬ 
tration of GA (Ranclinnva el «/„ 1959). Rao and Rao (1963) applied 
GA at several concentrations (150-2,000 ppm) to flowering shoot.s of 
phalsn. as aqueous spray. GA (300 ppm) increased fruit set hy 34.0 
and 15.6 per cent over control. Treatmoit ^vith 500 ppni increased 
Ihiit .set by 23.6 per cent and bud stage and 11.7 per cent , at flowering 
stage. GA at 600 ppm produced 33.3 per cent of seedles.s fruits, 
GAapplIecl at 1,000 and 2,000 ppm were eflective in producing par- 
tlienocarpic fruits. 

Fig. Rarthenocarpic fruit set was olnserved by Crane (1958) in 
, Calymyrna fig after .spraying with GA at 1,000 ppm. Crane and Grossi 
(1960) also f nmd that fruit maturity was listened in Mission fig by 
12-25 clays when sprayed with 20-28 ppm GA. 

Role in Olericulture 

Zauralov (1963) reported that young plants of maize, cucumber 
and melon sprayed with gibliercllin each day for a week and subjected 
, to 8 hours chilling at 3" to 6TI for three day,s did not greatly affect the 
stimulatory action of gibberellin on the growth of maize, but to some 
extent counteracted the stimulatory action of gibberellin on the growth 
of cucumber plants. Gibberellin treatment alone had little effect on 
melons, but cooling at first retarded the growth of gibberellin-treatecl 
plants more than the control. In all the cases treatment with gibberellin 
followed by cooling’delayed flowering. : . , • ' 

Celery. Wittwer and Bukovac (1957) observed that 3-15 g of 
foliar spray of GA per acre applied at 2-4 weeks before harvest was best 
in increasing, yield, greater stalk, weight and length of the celery. 
Bukovac ci a/. (1960) also reported that 50 and 100 ppm GA, applied 
as pre-harvest foliar .spray, increased petiole length and, fresh weight of 
marketable .stalks but certain bad effects .such as twisting of petioles 
and rapid breakdown in storage were also observed, ’ , 

Cabbage, Ghhoukarand Singh , (196.3) observed that GA at 5 


and 10 ppm promoted quick recoverv of .s-edfings. Larger number of 
♦> inner leaves in heads were observed. There was early and uniform 

[ harvesting of heads 16 days earlier than the control. The aoolicatlon 

of GA failed to increase the root system hut improved the cooking quality 
; and palatability values. Two aoplications of GA at 5 ppm proved to 

be the best treatment for maximum increase in yield and quality of 
I' heads, 

i, - Radish. Wittwer and Bukovac (1957) stated that in radish 1,000 

ppm GA resulted in seed stalk formation, flowering and earlier seed 
I maturity. 

Lettuce. Harrington (I960) used the seed stalk promoting tendency 
i: of GA to prevent heading, induce bolting and increase seed yield of 

f high heading lettuce. He observed that when GA was sprayed at 

|i 3--10 ppm on lettuce plants at 4 to 8 leaf stage of growth, the .crop 

^ tnatured about two weeks earlier and the yield was significantly higher 

than the control. 

Spinach. When spinach plants were transferred from short days 
to continuous light a large temporary increase in gibberellin content 
occurred after one day. Several days after transfer the gibberellin con¬ 
tent was less than that of plants in short days. It was suggested that the 
increase in gibberellin stimulated cell division and that subsequently 
the tuniover of gibberellin was greatly increa.sed (Radley, 1963). 

’f" . . . 

Tomato. Bukovac (1957) reported that early flowering m 

, tomato, induced by gibberellin at 1 to 100 ppm resulted in early fruiting 

|| and increased early yi(!lds. 

|i , Sweet Corn, The foliar spray of 10-250 ppm of GA on sweet 

, I corn resulted in frequent male sterility (Bukovac H al, 1957), 

, y Peas. In light grown Alaska peas, GAj was found half as active 

y as GAi in prompting stem elongation, but both gibberellins were equally 

; Ij effective when applied to etiolated peas. It was concluded that illumi- 

:;i nation lowers the sensitivity of the plants to the GAj-like fraction to 

GAj, but does not affect sensitivity to the GAi-like fraction to GAi 
(Kenede and Lang, 1964), 

, A;!, ^ Carrot. Anumber of GA applications to the leaves of young 

plants of the carrot variety Rogue Longue geante de Flakee promoted 
growth of the leaves and stems but inhibited that of the roots. B- 
carotene accumulation in the roots, was inhibited, the lutein content 
remained unaffected, but there was an accumulation of a product or 
, productshaving strong absorption bans in the U.V. region;, ’unth a 

maximum near 330 mfi (Michel-Wolwertz and Sironval, 1963). 





98 



French bean. GA increased primary leaf growth only transiently 
when applied to epicotyls of intact plants, whereas when applied to the 
primary leaves it continued to increase their growth and produced 
larger mature leaves than control. GA applied to the epicotyls increas¬ 
ed internode extension twice as much as GA apf lied to primary leaves. 
Removing the apical growing point shortened hypocotyls but not 
epicotyls (Wheeler and Humpdiries, 1964). 

Potato. In potato, GA is used to break dormancy of seed tulreirs. 
Ti mm and Rappaport (1960) tried GA to increase tuljcr production but 
the result was not encouraging. 

Role in Floriculture ' 

The .striking effects of gibbcrellin in ornamental crops may he 
classified as (fl) replacement of long-day and low temperature require* 
ments, {b) early flowering and acceleration of flower,s, and (c) increasing 
size of flow'ers. 

Wittwer and Eukovac (1957) have reported that long-day require¬ 
ment of some of the annuals like dill, cndevice, and petunia and low 
temperature requirement of some biennials like pansy, stock,'fox glove' 
and English daisy, China aster and gerbera have been met by GA treat¬ 
ment, ^ ' 

Chrysanthemum. Harada and Nitsch (1959) reported that GA 
can Induce early flowering in chrysanthemum, Lert (1959) stated that 
application of 10-500 ppm of GA re,suited in improved shape of flowers 
and long flower stalks in chrysanthemum. 

Azalea. The use of photoperiod and GA treatments (0, 100 and 
1,000 ppm) in an effort to reduce the breeding cycle of azalea by in¬ 
creasing the growth re.sponse was unsuccessful. Vegetative growth of 
azalea seedling and cutting wa.s increased Ijy using extended photo- 
period treatments and applying GA as an aqueous .spray (Sink and 
Walker, 1964), , . ' 

Geranium, Lindstronv and Wittwer (1957) olxserved that in 
geranium 10 ppm oi GA resulted in increased flore.scence, and' flower 
size. Biswas and Roger (1963)-noted increase in flower .size with hn 
creased concentrations of GA used., Maximum size was obtained with 
100 ppm GA, the , higher concentration used. Higher concentrations 
caused lodging of the inflorescence in Irene and Penny, G A at 5 ppm 
would appear satisfactory for commercial use. The increased inflo¬ 
rescence size was due mainly to increased Iciiglh of .petaf and pedicels. 
The flowers which developed from .seeds dipped into solutions were more 
desirable than those from sprayed plants. 
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Camellia. A convenient method of ti’eating camellia flower buds 
with GA is to break out the adjacent growth bud and fill the remaining 
cup witli GA solution. Preliminary trials gave very variable results, 
but there was a tendency for treatment to induce earlier flowering, GA 
improved llie size and quality of the flowers only when the treatment 
was applied to suitable buds. The terminal shoots developing from 
buds treated with GA made weak growth. When these terminals were 
pruned off, growth was normal. Treatment of the buds on one plant 
with GA resulted in heavy defoliation, but after severe pruning vigorous 
new growth developed (Racoff, 196.3). 

Lilac. The leaves of lilac were found to develop normally, but 
the growth of axillary buds depressed and no real leaf or primordia in¬ 
itiated as a result of GA (0.5 per cent) application to the lower surface.s 
of lilac leaves. The shoot became thicker. Phyllotaxy was abnormal 
in shoots developing from these late developing buds. Plowever, the 
shooting ol small basal ‘Sleeping bud.s’, which occurred when the shoot 
was .severed above them accentuated by the application of GA (1) below 
tips, it was suggested that GA lowered the correlative inhibiting effects 
of the leaves on the bud scale (Dostal, 1964), 

Methiola iiicane. Plants of the varieties Lilac, Lavender, Ruby 
Red, Ball Supreme and Pecific White sprayed with GA (100 ppm) 
three times at weekly intervals were taller and had fewer leaves than the 
^untreated plants. The weights of treated plants that did flower were 
less than those of controls (Biswa,s and Rogers, 1963). 

China rose. Flowers including the subtending foliage of “China 
rose” were treated with GA (50-600 ppm). The percentage of fruit set 
increased with the concentration of GA. As the concentration increased 
from 200 to 600 ppm, there was a gradual increase in average weight 
and length of the fruit. GA at 400 to 600 ppm increased fruit .set to 
80 per cent and 96 per cent respectively, and all the fruits were retained 
till harvest. The fruits were found to be seedless. It was established 
that GA application,s could be successfully used for production of fruits 
in genetically sterile plants jRao and Rao, 1963). 
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